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DAGUERREOTYPE. A photographic process discoTered by M. Dagnerre, a 
celebrated French dioramic painter, and pnblished in July, 1839 ; the French 
Government having secured a pension for life of 6000 francs on SI. Daguerre, and of 
4000 francs on M. Isidore Niepce, the son of M. Nic^phore Niepce, who bad for 
some time been associated with Daguerre in carrying forward the experiments which 
led to M. Daguerre’s discovery. 

It is rendered clear from some of Niepce’s letters, that he had abandoned all hope 
of succeeding with iodine, upon which the sensibility of the Daguerreotype plate 
entirely depends. In a letter to Daguerre, Niepce says, “ I repeat it, sir. I do not see 
that we can hope to derive 'any advantage ftomthis process — the use of iodine — more 
than from any other method which depends on the use of metallic oxides j ” and in 
another he writes, “ A decoction of thiaspi (shepherd's purse), fumes of phosphorus, 
and particularly of sulphur, as acting on silver in the same way as iodine, and caloric, 
produce the same effect by oxidising the metal, for from this cause proceeded in 
all these instances their extreme sensibility to lighu^ Niepce died in Jnly, 183,3. 
Daguerre proceeded with his experiments for nearly six years, before he succeeded 
in producing the desired results. The Daguerreotype process depends on the pro- 
duction of a very delicate chemical compound of iodine and silver, on the surface ots 
a carefully prepared silver-plate. This compand is chemically changed ^ file ra- 
diations proceeding from any external object illuminated by the sun. The image is 
developed by the action of mercurial vapour, and lastly rendered permanent, as far 
as the action of light is concerned, by diswlving off the iodide of silver, by hyposul- 
phite of soda. According to the first published description by Daguerre, the process 
is divided into five operations. The first consists in polishing and cleaning the silver 
surface, by friction, with cotton fleece imbued with olive oil, upon the plate previously 
dusted over with very finely-ground dry pumicestone out of a muslin bag. The band 
of the operator should be moved round in circles of various dimensiona The plates 
should be laid upon a sheet of paper solidly supported. The pumice must be ground 
to an impalpable powder upon a porphyry slab with water, and then dried. The surfluse 
is next to be rubbed with a dossil of cotton, slightly moistened with nitric acid, diluted 
svith sixteen parts of water, by applying the tuft to the month of the phial of acid, 
and inverting it for a moment. Two or three such dossils should be used in^ suc- 
cession. The plate is lastly to be sprinkled with pumice powder or Venetian tripoli, 
and rubbed clean with cotton. 

The plate is fhen placed in a wire frame, with the silver surface uppermost, over a 
spirit lamp, meanwhile moving it so as to act equally on every part of the plate. In 
abont five minutes a whitish coating will indicate that this operation is completed. 
The plate must now be laid npon a iaX metal or marble slab to cool it quickly. The 
white surface is to be brightened by rubbing it with cotton and pumice powder, tr 
must be once more rubbed with the cotton imbue<?with acid, and afterwards dried by 
friction with cotton and pumice ; avoidi^ to touch the plate wHh the fingers, or with the 
part of the cotton held in them, or to breathe npob the plate.wince spMs would thereby 
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' 2 _ DAGUEl^EOTYPE. 

be produced. After cleaning with cotton alone, the plate is ready for the next 
operation. ^ 

' The second stage is that of iodising the plate j a box is prepared, having iodine 
strewed over its bottom, and the silver plate, face downwards, is placed a few inches 
above the iodine, and the lid of the box being closed, airis left at rest for a short*" 
time. The plate must be left in this*position till the surface of the silvc'r acquires a 
fine golden hue, caused by the vapours of the iodine rising and condeiying upon it ; 
but it should not be allowed to assume a violet tint. The room should be darkened, 

- and no heat should be employed. When the box is in constant use it gets impreg- 
nated with iodine, and acts more uniformly and rapidly ; but in general states of the 
atmospheric temperature this operation will be effected in about twenty minutes. Jf 
the purple colour be produced, the plate must be repolished, and the whole process, 
repeated. 

The plate with its golden hue is to be introduced with its frame to the camera 
obscura. During this transfer the light must not be suffered to strike upon the 
surface of the plate ; on which account, the camera obscura may be lighted briefly 
with a small wax taper. 

The plate is now submitted to the third operation, that of the camera obscura, and 
with the least possible delay. The action of this machine is obviously quicker the 
brighter the light which acts upon it ; and more correct, according as the focus is 
previously accurately adjusted to the place of the plate, by moving backwards and 
forwards a roughened pane of glass, till the focal point be found ; and the plate is to 
be inserted precisely there. This apparatus exactly replaces the ground glass. While 
the prepared plate is being fastened, the camera must be closed. The plate is now in 
a proper position to receive and retain the impression of the image of the objects 
presented the moment that the camera is opened. Experience alone can teach the 
proper length of time for submitting the plate to the concentrated rays of light ; be- 
cause that time varies with the climate, the seasons, and the time of day. More time 
should not be allowed to pass than what is necessary for fixing a distinct impression, 
because the parts meant to be clear would be apt to become clouded. The impression 
of the image of nature is now actually made upon the plate ; but it is as yet invisible; 
and it is only after a lapse of several minutes, during which it is exposed to mercurial 
vapour, that faint tracings of the objects begin to be seen. 

The fourth is the operation with quicksilver, which must follow as soon as possible 
the completion of the third. Here a phial of quicksilver, a spirit lamp, and a glass 
funnel with a long nock, are required. The funnel is used for pouring the mercury 
into a cup, placed in the bottom of an apparatus which will allow of the application 
of heat. No daylight must be admitted to the mercury box, a small taper only being 
used to examine, from time to time, the effects. The plate with the dormant image 
is placed some distance above the mercury, which vaporising, evokes in a truly 
magical manner, the delicate lines which the solar pencil has traced. 

After each operation, the interior of the apparatus, and the black board or frame 
-hould- be carefully wiped, in order to remove every particle of mercury. The 
picture mey now be inspected in a feeble light, to see how far the process has suc- 
ceeded. The plate, freed from the metallic bands, is to be placed in a box, provided 
with a cover and grooves, to exclude the light, till it is made to undergo the last 
operation. For the fifth and last operation the following articles are now required : — 
strong brine, or a weak solution of hyposulphite of soda ; two troughs of tin plate, and 
a jug of distilled water. The object of this process is to fix the photographic picture. 
One of the troughs is to be filled with brine to the depth of an inch, and the other 
with pure water, both liquids being -heated somewhat under the boiling point. The 
solution of hyposulphite of soda is preferable, and does not need to be warm. The 
plate is to be first immersed in the pure water for a moment, and transferred imme- 
diately to the saline solution, and moved to and fro in it to equalise the action of the 
liquor. Whenever the yellow tint of the iodine is removed, the plate is to be lifted 
out by the edges, and dipped straightway in the water-trough. The plate, whenr 
lifted out of the water-trough, is to be placed immediately on an inclined plane : and 
without allowing it time to dry, is to be floated over with the hot distilled water from 
the top, so as to carry off all the saline matter. As the quicksilver tjhich traces the 
images will m- bear touching, the silvered plate should be secured by a cover of Jtjass, 
maile tight at the edges by pasting paper round them. 

The Daguerreotype process as thus published, although even then an exceedingly 
beautiful process, was not sufficiently sensitive to enable the operator to obtain 
''portraits from the life. A period, of twenty minutes was required even with the 
most favourable light to produce the desired effect Numerous modifications were 

speedily introduced, and jnany of them were patented. , , - . 

The progressive advance of this branch of the photographic art, though of great 
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interest, cannot be dwelt on in this place. Those who are interested in the inquiry, 
will find the i%formation fully detailed in Hunt’s Manual of Photo(jraphj, 5th Edition, 
1857. It will be sufficient in this work to detail the more important improvements 
which have become genemlly adopted. The first advance of real importance was 
®niade by Mr. Towson, of Devonport, who has since that time distinguished himself 
by the introiuction of his system of Great Circle Sailing. Mr. Towson suggested the 
nse of enlar^d lenses, and by acting with such, Dr. Draper, of New York, was the 
first to procure a portrait from the life. Still this was a tedious process, but in 1840, 
Mr. Goddard propped the use of bromide of iodine, by which infinitely increased 
sensibility was obtained. From that time the Daguerreotype was generally employed 
portraiture, until the facilities of the collodion process drove it from the field. 
• The improved manipulation now resolves itself into 

Carefully polishing the silver plate after some of the methods previously described, 
and the application finally of the highest polish by the use of a buffer, the best form 
being that employed by M. Claudet. 

In a box on a roller, to which there is a handle, 638, is placed a long piece of 
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drab-coloured velvet, wliich can be drawn out and extended by means of a second 
roller upon a perfectly flat table. The first foot or two, for example, is drawn out; 
the plate which has already received its preliminary polishing is placed face down- 
wards, and being pressed close with the fingers, a rajnd circular motion is given to it, 
and in a few minutes it receives its highest lustre. As the velvet becomes blackened 
by use, it is rolled off, the portion remaining in the box being always perfectly clean 
and ready for use. 

The iodising process follows : and for this purpose a box similar to that represented 
will be found to be very convenient, (yfy. 639), 

'J'his iodising apparatus consists of a square box 
with a closely fitting cover o, false sides are 
placed at an angle with this box, a cup i> at the 
bottom contains the iodine, which is covered 
with a thin gauze screen j j. c is a cover 
which confines the iodine when it is not required 
for the plate; this dividing the box into two 
parts, n h, andx K.the former being always full 
of iodine vapour. When it is desired to iodise 
a plate, the cover c is removed, the silver plate 
is placed at e, and the cover g closed. 

The plate is thus jdaced in the iodine box 
until it acquires a fine straw yellow colour. In 
another box is placed either bromine or some 
one of the many accelerating fluids. If bro- 
mine. or any bromide is employed, the plate 
^hould remain until it becomes of a rose colour. 

As a general rule, if the yellow colour produced 
by iodine be pale, the red should be pale also ; if deep, the red must incline to violet, 
i he proper tune for exposing a plate to any of those chemical substances which are 
dcstmed to produce tlie sensitive film, must vary with the temperature, and it can 
otily-be determined by experience. The sensitive plate is now reftoved to the 
camera obseura, for a description of which see PnoTOGRAPtiy. It is scarcely neces- 
sary to say, that the plate must be preserved in perfect darkness until exposed to 
the image m the camera. A few seconds when the plate is properly prepared will 
be found amply sufficient to produce the best effedl. * 

The impression most be developed in the mercury box 640) in the manner' 
described by Da^erre. This mercorfkl box consists of • box mounted on legl, 
naviDg a close fitting cover a, and an iron bottom in which is placed the mercury c, 
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4 DAMASCUS BLADES. , 

and a small thermometer f to indicate the proper temperature, g is a piece of glass 

let into the side of the box throuj^h which the 
Daguerreotype plate h fixed in the frame b can 
be seen, d is a spirjt-Iamp, and i the platform 
on which it stands. The subject is eventually ^ 
fixed by the use of hyposulphite of'^oda, which 
removes the bromo-iodidc of silv^and leaves 
a picture produced by the convast between 
a combination of the silver^nd mercury, and 
the surface of the unchanged polished silver. 

The application of chloride of gold to tb" 
finished picture was introduced by M. Fizeau, - 
Chloride of gold applied to the picture has 
the effect of fixing and enlivening the tints. A 
small grate being fixed by a clamp to the edge 
of a table, the plate is laid upon it with the image 
uppermost, and overspread evenly with solution 
of chloride of gold, by means of a fine broad 
camel hair bmsh, without letting any drop over 
the edge. A spirit lamp is now brought under 
the plate, and moved to and fro till a number 
of small steam bubbles appear upon the image. 
The spirit lamp must be immediately withdrawn. 
The remainder of the chloride solution must be 
poured back into the phial , to be used on another 
occasion. It is lastly to be washed and exa* 
mined. This operation has been repeated three 
or four times with the happiest effect of giving 
fixity and force to the picture. It may then 
be wiped with cotton without injury. The process of colouring these pictures is a 
purely artificial one, which, while it destroys the beauty of the photograph, does not 
in any way improve it as a picture. 

Daguerreotype Engraving .— processes for etching the Daguerreotype plate 
were introduced with more or less success. Professor Grove produced a few good 
engravings by the action of voltaic electricity. Berard and Becquerel were also 
enabled to produce some promising results by a similar process. The following 
process by M. Claudet was carried out to some extent with every prospect of success. 

The new art, patented by M. A F. J. Claudet on the 21st November, 1843, was 
established on the following facts, A mixed acid, consisting of water, nitric acid, 
nitrate of potash, and common salt in certain proportions, being poured upon a Da- 
guerreotype picture, attacks the pure silver, forming a chloride of that metal, but does 
not affect the white parts, which are produced by the mercury of the picture. This 
Action -docs not last long. Water of ammonia, containing a little chloride of silver 
in solutior., dissolves the rest of that chloride, which is then washed away, leaving 
the naked metal to be again attacked, especially with the aid cf beat. The metallic 
surface should have been perfectly purified by means of alcohol and caustic potass. 
For the rest of the ingenious but complex details, see Newton's Journal, C. S. vol. xxv. 
p. 112. — See Actinism, Collodion, Photography. 

DAHLINE, the same as Incline. The fecula obtained from elecampane, ana- 
logous in many respects to starch. It has not been employed in the arts. 

DAMAR gum, or DAMMARA RESIN. A pale yellow resin, somewhat resem- 
bling copal, and used like it in the manufacture of varnishes. Dammara resin is 
said to be derived from the Pinus dammara alba of India. A Dammara resin is also 
imported from New Zealand, which is the product of the Dammara Australis. Under 
the name of Covdie resin it is said to be used extensively as a varnish in America. 

“ Damar 1*^ easily dissolved in oil of turpentine, and when carefully selected is almost 
colourless ; it makes a softer varnish than mastic ; the two combined, however, form 
an almost colourless varnish, moderately hard and flexible, and well suited for maps 
and similar purposes.” — Holtzapffel. » 

DAM.ASCtFS BLADES, are swords or scymitars, presenting upon their sur^.ce a 
variegated appearance of watering, as white, silvery, or black veins, in fine lines, or 
fillets ; fibrous, crossed, interlaced, or parallel, Ac. They are brought from the Blast, 
being fabricated chiefly at Damascus, whence their name. Their excellent quality 
'^has become proverbiaf; for which*reason these blades are much sought after by mi- 
litary men, and are high priced. The oriental processes have never been satisfactorily 
described ; but of late yc^s methods have beers devised in Europe to imitate the fabric 
very well. 
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Clouet and Hachette pointed out the three following processes for producing Da- 
mascus blad^ : 1, that of parallel fillets; 2, that by torsion; 3, the mosaic. The 
first, which is still pursued by some French cutlers, consists in scooping out with a 
^ graving tool the faces of arpiece of stuff composed of thin plates of different kinds of 
steel. These hollows are by a subsequent operation filled up, and brought to a level 
with the external faces, upon which they subsequently form tress-like figures. 2. The 
method of tision, which is more generally employed at present, consists in forming 
a bundle of rods or slips of steel, which are welded together into a well-wrought bar, ^ 
twisted several timgs round its axis. It is repeatedly forged; and twisted alternately ; 
after which it is slit in the line of its axis, and the two halves are welded with their 
^tsides in contact ; by which means their faces will exhibit very various configura- 
• tious. 3. The mosaic method consists in preparing a bar, as by the torsion plan, and 
cutting this bar into short pieces of nearly equal length, with which a faggot is formed 
and welded together ; taking care to preserve the sections of each piece at the surface 
of the blade. In this way, all the variety of the design is displayed, corresponding to 
each fragment of the cut bar. 

The blades of Clouet, independently of their excellent quality, their flexibility, and 
extreme elasticity, have this advantage over the oriental blades, that they exhibit in 
the very substance of the metal, designs, letters, inscriptions, and, generally speaking, 
all kinds of figures which had been delineated beforehand. 

Notwithstanding these successful results of Clouet, it was pretty clear that the 
watered designs of the true Damascus scymitar were essentially different M Breant 
has attempted a solution of this problem. He supposes that the substance of the 
oriental blades is a feast steel more highly charged with carbon than our European 
steel, and in which, hy means of a cooling suitably conducted, a cr^’stallisation takes 
place of two distinct combinations of carbon and iron. This separation is, he thinks, 
the essential condition ; for if the melted steel be suddenly cooled in a small crucible 
or ingot, there is no damascene appearance. 

If an excess of carbon be mixed with iron, the whole of the metal will be converted 
into steel ; and the residuary carbon will combine in a new proportion with a portion 
of the steel so formed. 'I'here will be two distinct compounds ; namely, pure steel, 
and carburetted steel or cast-iron. These at first being imperfectly mixed, will tend 
to separate if while still fluid they be left in a state of repose ; and form a crystalli- 
sation in which the particles of the two compounds will place themselves in the cru- 
cible in an order determined by their affinity and density conjoined. If a bbde 
forged out of steel so prepared l>e immersed in acidulous water, it will display a very 
distinct Damascus appearance; the portions of pure steel becoming black, and those of 
carburetted steel remaining white, because the acids with difficulty disengage its carbon. 
The slower such a compound is cooled, the larger the Damascus veins will be. Ta- 
vernier relates that the steel crucible ingots, like those of wootz, for making the true 
oriental Damascus, come from Golconda, that they are the size of a halfpenny roll, and 
when cut in two, form two swords. m 

Steel combined with manganese displays the Damasens appearance very stfbngly. 

A mixture of 100 parts of soft iron, and 2 of lamp black, melts as readily as ordinary- 
steel. Several of the best blades which M. Breant presented to the Societe d’Encour- 
agement are the product of this combination. This is an easy way of making cast- 
steel without previous cementation of the iron. 1<>0 parts of filings of very grey cast- 
iron. and 100 parts of like filings previously oxidised, produced, by their fusion to- 
gether, a beautiful damascene steel, fit for forging into white arras, sabres, swords, &c. 
This compound is remarkable for its elasticity, an essential quality, not possessed by 
the old Indian steel. The greater the proportion of the oxidised cast-iron the 
tougher is the steel. Care should be taken to stir the materials daring their fusion, 
before it is allowed to c(ol; otherwise they will not affords bomogeneons daman:. 
If the steel contains much carbon it is difficult to forge, and cannot be drawn out ex- 
cept within a narrow range of temperature. W’hen heated to a red-white it crumbles 
^iinder the hammer; at a cherry -red it becomes bard and brittle; and as it progres- 
sively cools it becomes still more unmalleable. It resembles completely Indian steel, 
which European blacksmiths cannot forge, because they are ignorant of the suitable 
temperature f<^ working it. M. Breant, by studying this point, succeed in foiging 
fine^lades. 

Experience has proved that the orbicular veins, called by the workmen hmtt or 
thorns (roncev), which are seen upon the finest Eastern scymitars, are the rreuit of tTO 
manner of forging them, as well as the method of twisting the Damasetn 
these be drawn in length, the veins will be longifcdinal ; if they be thread equally m 
all directions, the stuff will have a c^stalline aspect ; if they be ma^ wavy 
two direction^ undulated veins wili*w prodtu^ like in the (siciitai 
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DAMASK 


The characteristics ascribed to the real Damascns blades are extraordinary keenness 
of edge, great flexibility of substance, a singular grain of fleckiness alw3.ys observable 
on the surface, and a peculiar musky odour given out by any friction of the blade, 
either by bending or otherwise. The author of “ Manufcotures in Meials^^ remarks:- 

“ A gentleman who purchased one of these blades in the East Indies for a thousand 
piastres, remarked to the writer of this volume that, although the inurnment was 
very flexible, and bore a very keen edge, it could not with safety be^/ent to more 
„ than 45° from the straight shape, and it was not nearly so sharp as a razor, yet, 
wielded by a skilful hand it would cut through a thick roll of sail cloth without any 
apparent difficulty ; a feat which could not be performed with an ordinary sword, nor, 
it should be observed, by the sabre itself in an ordinary hand, though the swordsm^u 
who tried it could, it appears, do nearly the same thing with a good European ' 
blade.” 

Emerson, in his letters from the ^gean, says : “ I have seen some blades (scy- 
mitars) which were valued at 200 or 300 dollars ; many are said to be worth triple that 
sum, and all retain the name of Damascus^ though it is by no means likely that they 
have been manufactured there. The twisting and interwisting of the fibres of the 
metal are considered as the tests of excellence, but I have never seen any possessed 
of the perfume said to be incorporated with the steel in the real Damascus blade.” 

The production and use of damask steel has received much attention from the 
late General Anossoff, of the Corps of Engineers of the Imperial Russian army, and 
Master of the Fabric of Arms at Zlataoust, in Siberia. His researches and successful 
practice have become matters of history. 

Steel helmets and cuirasses were formed of cast and damascened steel, intermixed 
with pure iron, a mixture supposed to combine toughness and hardness in greatest 
possible degree. 

At different periods these works have been visited, separately, by two English 
travellers, Major Abbott of the Bengal Artillery, and Mr. Atkinson, who have 
recorded the results of observation^ experiment, and conversational intercourse, and 
they state severally their conviction that the damask steel .produced by Anossoff 
rivalled in beauty and excellence any works they had ever seen in other lands. They 
accord to Anossoff the honour of being the reviver of the art of making damask steel 
in Europe, while they declare the Russian natural damask steel is not approached by 
the fabrics of any Eastern nation now existing. 

The Siberian swords and daggers were compared and tried with the choicest spe- 
cimens, and found equal to the blades of Damascus, and the sabres of Khorassan ; 
and while these valued articles might have been selected from numbers manufactured 
by chances of skill and material, Anossoff united chemical analyses of ores and steel, 
and records of observations on progressive stages, to give a true history of the means 
to explain and insure success. See Sword Manujacture, 

DAMASCUS GUN-BARRELS. See Gon-barrel. 

^ DAMASK is a variegated textile fabric, richly ornamented with figures of flowers, 
fruits, ikndscapes, animals, &c,, woven in the loom, and is by far the most rich, elegant, 
and expensive species of ornamental weaving, tapestry alone excepted. The name is 
said to be derived from Damascus, where it was anciently made. 

Damask belongs to that species of texture which is distinguished by practical men 
by the name of tweeling, of which it is the richest pattern. The tweel of damask is 
usually half that of full satin^ and consequently consists of eight leaves moved either 
in regular succession or by regular intervals, eight leaves being the smallest number 
which will adroit of alternate tweeling at equal intervals. 

The generic difference of tweeling, when compared with common cloth, consists in 
the intersections, although uniform and equidistant, being at determinate intervals, and 
not between the alternate threads. Hence we have specimens of tweeled cloth, where 
the intersections take place at the third, fourth, fifth, sixth, seventh, eighth, or six- 
teenth interval only. The threads thus deflecting only from a straight line at inters 
vals, preserve more of their original direction, and a much greater quantity of ma- 
terials can be combined in an equal space, than in the alternate intersection, where 
the tortuous deflection, at every interval, keeps them more asunder. On this principle 
tweeled clothg- of three and four leaves are woven for facility of combination alone. 
The coarser secies of ornamented cloths, known by the names of dornock and draper, 
usually intersect at the fifth, or half satin interval. The sixth and seventh are rarely 
used, and the intersection at the eighth is distinguished by the name of satin in 
^common, and of damask in ornamental tweeling. It will further be very obvious, 
that where the warp and woof crost^ouly at every eighth interval, the two sides of the 
cloth will present a diversity of appearance ; for on one side the longitudinal or warp 
threads will run paraile'? from one end of a web to the other, and, on the other, the 
threads of woof will run also parallel, but in a transverse direction across the cloth. 
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or at right angles to the former. The points of intersection heing onlji at every 
eighth interval^ appear only like points ; and in regular tweeling these form the ap- 
pearance of diagonal lines, inclined at an angle of 45® (or nearly so) to each of the 
former. 

• The appearance, therefofe, of a piece of common tweeled cloth is very similar to that 
of two thin<^oards glued together, with the grain of the upper piece at right angles 
to that of th^under one. That of an ornamental piece of damask may, in the same 
manner, be ^:y properly assimilated to a piece of veneering, where all the wood is of 
the same substamce and colour, and where the 6gures assume a diversity of appearance 
from the ground, merely by the grain of the one being disposed perpendicularly to that 
q£ the other. 

. From this statement of the principle, it results that the most unlimited variety of 
figures will be produced, by constructing a loom by which every individual thread of 
warp may be placed either above or below the woof at every intersection ; and to effect 
this, in boundless variety, is the object of the Jacquard mounting. See Loom, Jac- 
quard. 

The chief seat of this manufacture is the town and neighbourhood of Dunferm- 
line, in Fifeshire, — and Lisburn and Ardoyne, near Belfast, where it is considered 
as the staple, having proved a very pntfitable branch of traffic to the manufacturer, 
and given employment to many industrious people. 

The material used there is chiefly linen ; but many have been recently woven of 
cotton, since the introduction of that article into the manufacture of cloth has become 
so prevalent. The cotton damasks are considerably cheaper than those of linen, but 
are not considered either so elegant or durable. The cotton, also, unless frequently 
bleached, do^ not preserve the purity of the white colour nearly so well as the linen. 

DAMASKEENING ; the art of ornamenting iron, steel, Ac., by making incisions 
upon its surface, and filling them up with gold or silver wire ; it is chiefly used in en- 
cha'jing sword blades, guards, and gripes, locks of pistols, &c. 

Its name shows the place of its origin, or, at least, the place where it has been prac- 
tised in the greatest perfection, viz. the city of Damascus, in Syria; though M. Feli- 
bien attributes the pei-fection of the art to his countryman, Cursinet, who wrought 
under the reign of Henry IV. 

Damaskeening is partly mosaic work, partly engraving, and partly carving* As 
mosaic work, it consists of pieces inlaid; as engraving, the metal is indented, or cut 
in intaglio; and as carving, gold and silver are wrought into it in relievo. 

There are two ways of damaskeening ; in the first, which is the most beautiful, the 
artists cut into the metal with a graver, and other tools proper for engraving upon 
steel, and afterwards fill up the incisions, or notches, with a pretty thick silver or 
gold wire. In the other, which is only superficial, they content themselves to make 
hatches, or strokes across the iron, Ac., with a cutting knife, such as is used in making 
small files As to the first, it is necessary for the gravings or incisions to be made in 
dove-tail form, that the gold or silver wire, which is thrust forcibly into them, may 
adhere the more strongly. As to the second, which U the more usnal, the n^thod •3”' 
this : having heated the steel till it changes to a violet, or blue colour, they natch it 
over and across with a knife, then draw the ensign or ornament intended upon this 
batching with a fine brass point or bodkin. This done, they take fine gold wire, and 
conducting or chasing it according to the figures already designed, they sink it care- 
fully into the hatches of the metal with a copper tool. 

An inferior description of damaskeen work has been introduced since the discovery 
of the electrotype proces.ses. The pattern has been etched on the steel, and then 
gold or silver deposited into the etched lines. 

DAMASSIN. A kind of damask, wjth gold and silver flowers woven in the warp 
and woof, or occasionally with silk organzine. 

DAMP, in mining are dangerous exhalations, or rather gases, — so called from the 
German damp/, vapour— 'escaping from the mineral formations, or accumulating in 
•the workings. 

Fire-Damp^ which occurs in coal mines, is carburetted hydrogen gas. 

Choke-Damp^ After-Damp^ and Black Damp, may be regaled as Carbonic acid. 
See Mines, ventilation of. 

IhAPHNINE. The bitter principle of the aijpim*. • 

DASH WHEELS. These were revolving wheels having dash -b<»rds, which are 
much used in the washing process necessary in calico printing. See Bi^eachino. 

DATHOLITE. Bonisilicate of lime, called also Esmarkite and Ilumboidtite. It 
is found at Arendal in Norway and m New Jersqr* 

Its chemical composition U. silicad7’30; boracic acid 21*32 ; lime 35 67 ; water 5*71. 
DATURINE. See Atropine. • ^ 

DEAL WOOD. See Pines. 
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DECANTATION. (Eng. and Fr.; Abgiessen, Germ.) The act of pouring 
off the clear liquor from any sediment or deposit. It is much erapIoy<d in the chemi- 
cal arts, and it is frequently effected by means of a siphon, there being less risk of 
disturbing the precipitate. ^ 

DECKLE, name given by the paper maker to a thin frame of wood fitting on the 
shallow mould in which the paper pulp is placed. 

DECOCTION. (Eng. and Fr. ; Zersetzung, Germ.) The process of h filing a liquid 
with some organic body, or the liquid compound resulting from the process of boiling. 

' DECOMPOSITION. The separation of bodies from each pther. The methods 
employed are almost innumerable, and usually depend on the special reactions of the 
matters under examination. We shall consider a few of the most striking cases'^n 
both the grand divisions of the science, viz. inorganic and organic chemistry. Iir 
each instance we shall, for the sake of convenience, subdivide into the three classes of 
acids, alkalies, and neutral bodies. Previous, however, to this, we must glance at 
some of the reactions of which chemists avail themselves in separating the elements. 
The decomposition of oi’dinary metallic salts, with the view of making a qualitative 
analysis of a more or less complex mixture, is a problem, iu general, of extreme 
simplicity, and directions for the purpose are to be found in all the numerous works 
on qualitative analysis. The principle on which the modern methods of qualitative 
analysis are founded, is the separation of the metals in the first place into large groups 
by certain reagents, and then by means of others, to subdivide into smaller groups, in 
which the individual metals can be determined by special tests. For the sake of 
simplicity, we shall only consider the more commonly occurring metals. The general 
reagents, by which the first subdivision is effected, arc hydrochloric acid, sulphuretted 
hydrogen, sulphide of ammonium, carbonate of ammonia mixed with chloride of 
ammonium, ^nd finally phosphate of soda. The substance in solution is treated with 
hydrochloric acid, by which mercury, silver, and lead are removed. The mercury 
will only be perfectly removed if it exists entirely in the state of a snbsalt. l^ad is 
only partially precipitated, and will be subsequently found in the next group. The 
precipitate by hydrochloric acid is to be boiled with water, which will remove the 
chloride of lead, and leave the chlorides of mercury and silver. The latter may be 
separated by means of ammonia, which will dissolve the chloride of silver and 
convert the mercury into a black powder, in which the metal can be detected by 
special tests. The fluid filtered from the precipitate by hydrochloric acid, is to have 
a stream of hydrosulphuric acid gas passed through it for a considerable time, or 
until no more precipitation occurs. By this means antimony, arsenic, tin, cadmium, 
gold, mercury, silver, lead, bismuth, and copper are thrown down, and must be 
separated from each other by special processes. The filtrate from the precipitate by 
hydrosulphuric acid is to have ammonia added in slight excess, and then a solution of 
sulphide of ammonium as long as any precipitation takes place. By this means 
nickel, cobalt, iron, manganese, zinc, alumina and chromium, are thrown down ; also 
strontia, and lime, if they happen to be in combination with phosphoric oxalic 
or boracic acids, or if united to fluorine. From the filtrate, carbonate of ammonia 
mixed wiQi chloride of ammonium, precipitates baryta, strontia, and lime. The filtrate 
from the last precipitate cau only contain magnesia, or the alkalies. The above brief 
description of the mode of dividing the metals into groups will be sufficient to give an 
idea of the processes employed for decomposing complex mixtures into simple ones. 

Inorganic acids are usually removed from metals by converting the latter into an 
insoluble compound, while the acid remains in solution either in the free state or 
combined with a body of such a nature as not to mask the reactions of the acid with 
reagents. This is often done in the laboratory by boiling the metallic salt with an 
alkaline carbonate. The metals are, consequently, either converted into oxides or 
carbonates insoluble in water, while the acid unites with the alkali to form a soluble 
salt capable of being obtained by filtration in such a condition as to permit the nature 
of the acid to be made known by means of appropriate tests. It is usually necessary; 
to neutralise the solution carefully before testing for the acid. 

It is seldom necessary iu researches to reduce inorganic alkalies to their elements, 
their constitution being usually ascertained by converting their constituents into 
new forms capable of being weighed or measured with accuracy, vlf, for instance, 
it was necessary to ascertain the constitution of sulphuric acid, it would be sufitcieot 
to determine the quantity of baryta contained in the sulphate. On the other hand, 
acids susceptible of assuming, when pure, the gaseous condition may have their con- 
stitution determined by decomposing a known volume with a substance capable 
‘of combining with one ingredierT and liberating the other in the gaseous state, 
r Thus hydrosulphuric acid may he analysed by heating it with potassium, which will 
remove the sulphur and-f’iberate the hydrogec. 

In decomposing inorganic alkalies with the view of separating the metals contamed 
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in them, usually have to avail ourselves of very powerful affinities. This arises 
from the fact, tl*at the substances in question are, generally, produced by the union 
of a metal with oxygen, the metal having so strong a tendency to combine with that 
^meut, that mere exposure to the air is sufficient to determine their union into a 
compound of great stability. In order, therefore, to decompose the alkalies of this 
• class, it is necessary to find some substance having a powerful tendency to combine 
with oxygen u^er certain conditions. Now it has been found that carbon, if raised 
to an exceedin^y high temperature, and employed in great excess, is capable of 
removing the oxygei^ even from such bodies as potassium and sodium, the affinity 
of which for oxygen is very great 

fhorganic neutral bodies are generally decomposed either by the ordinary pro- 
cesses of analysis, or, where the neutrality arises from the substance under examina- 
tiou being a compound of an acid and a base, by separating the two by treatment 
with a reagent capable of combining with one to the exclusion of the other. This is 
a process frequently available in quantitative analysis. As an illustration, we may 
take the decomposition of the carbonates by a mineral acid in an apparatus which 
permits the carbonic acid set free to be accurately estimated by weighing. (See 
Carbonates.) Another instance of the decomposition of a neutral body, by treating 
it with a substance capable of combining with one of the constituents and separating 
the other in a free state, is the decomposition of sulphate of potash by baryta. If a 
solution of the salt be boiled with excess of solution of baryta, sulphate of baryta is 
produced and caustic potash set free. The excess of baryta is removed by boiling in 
the air until the whole of the latter base is converted into the insoluble carbonate. 
A precisely analogous process is the ordinary mode of preparing caustic potash by 
boiling its carbonate with quicklime. 

Neutral bodies are frequently, however, so constituted, that the neutrality does not 
arise from the circumstance of an acid ^ing saturated with a base, but from the 
energies of two elements being, to some extent, satisfied by the fact of their being in 
combination. Thus, 'vatoris a neutral substance, nevertheless it maj be decomposed 
by a variety of processes, several of which are susceptible of quantitative precision. 
In the first place, it may be decomposed by passing steam over a metal capable of 
uniting with its oxygen with liberation of the hydrogen. It may also be electrolysed 
and the two gases separately obtained. 

Organic or inorganic neutral salts may, at times, be veiy completely and simply 
decomposed by means of the battery. Not only are the various processes in electro- 
metallurgy founded on this principle, but it has ivcn been practically applied to the 
quantitative estimation of the metals in ores. The electrolysis of the neutral salt of 
the great series of organic acids of the general formula has throw n great 

light on some previously obscure points in the radical theory. 

The decompositions undergone by organic substances in contact with reagents are 
so manifold, that the liniirs of this work preclude the possibility of doing more than 
glancing at a few of the most general and mterceting. Perhaps of all the modes of 
inducing the breaking up of more complex into simpler substances, the application ot 
heat is the most remarkable for its power and the varied and opp<Miite cISaracier of 
the substances produced. It has been shown that, as a decompo.siDg agent, heat 
possesses no special function. From complex organic molecules all classes of sub- 
stances are formed. Individual substances belonging to every chemical typo are, 
therefore, found among products of dcstructuc distillatum. Acids, alkalies, and 
neutral bodies of every kind are formed, and si>iue f>f the most interesting and beauti- 
ful bodies known to chemists arc found in the uninviting looking tar of coal. Let 
us illustrate this by a glance at a few of the coal-tar products. Among the acids are 
the oxypbenic, carbolic, and cresylic. The alkaloids represented are methylamioe, 
ethylamine, propylamine, butylaraine, amylamine, pyridine, picoline, liitidiue, colli- 
dine, parvoline, chinoline, Icpidine, crypiidine and aniline. Among hydrocarbons, 
benzole, toluole, xvlole, cumole, cymole, propyle, butyle, amyle, caproyle, caproylcne 
anantliylene, naphthaline, anthracene, chrysene, pyrene. &c. &c. This list, profiably, 
does not include one half of the substances produced from coal by the decomposing 
and recomposing influence of heat. 

W^eral acid^exercise a powerful decomposing influence on organic substances. Of 
these the nitric and sulphuric are the most commonly used. Nitric a^d is especially 
active, owing to its twofold action. By virtue of its oxidising tendencies, it breaks ap 
great numbers of substances into more simple and less carbnretted denvativef, and 
hyponitric acid produced by the removal of one of the atoms of the oxygen of flbe 
aci-l frequently enters into the resulting compouffi, a substitution prodo^ being the 
final result. In the latter bodies produced in this manner the bypooitne acid (NO*) 
generally replaces hydrogen, the original type remaining umiltered. The prodiwtifflB df 
oxalic acid from sugar ; succinic, Upic, adipic, wberk, aesia flmm c»iy 
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and fatty matters by the action of nitric acid, are examples of its oxidising power ; 
while the formation of nitrobenzole, and bodies of more or less ana^gous character, 
present instances of the replacement of hydrogen by hyponitric acid. 

Sulphuric acid owes its decomposing power to its extreme tendency to combine 
with water. Many of the less stable organic bodies are, by this means, absolutely 
broken up, so that the resulting products are of a character too indefif ite to allow of - 
the changes being expressed by an equation which shall render a tri^'account of all 
the substances directly or indirectly formed. On the other hand, tKe action may be 
so controlled by the careful regulation of the temperature an^ strength of the acid 
that products may be eliminated which are themselves totally broken up and destroyed 
by an acid of greater strength. The production of grape sugar by the action of cul- 
phuric acid on starch, or lignine, may be taken as an example. It not unfrequent^y 
happens, that the sulphuric acid unites with the substance acted on to form a conju- 
gated compound. Benzole, and many other hydrocarbons, as well as oxidised bodies, 
behave in this manner with concentrated sulphuric acid. 

Chlorine and the other halogens are powerful decomposing agents, acting chiefly 
by virtue of their affinity for hydrogen. The principal effects produced by them are 
oxidation and substitution. The oxidising action of the halogens arises from the 
decomposition of water ; the hydrogen combining with the chlorine, &c., to form an 
hydracid, and the free oxygen uniting with the other substances present. 

The above sketch will sufficiently indicate some of the most usual methods by 
which the decomposition of organic and inorganic bodies is effected ; but hundreds 
of other decompc^sing agencies are at the call of the chemist, when any phenomena 
involving the disruptions of compounds are to be investigated. — C. G. W. 

DECREPITATION (Eng. and Fr ; Verkyiistern^ Germ.) is the crackling noise, 
attended with the flying asunder of their parts, made by several minerals and salts 
when heated. Sulphate of baryta, chloride of sodium, calcareous spar, nitrate of 
bar^'ta, and several other bodies which contain no water, decrepitate most violently, 
separating at the natural joints of their crystalline structure. 

DEFECATION. (Eng, and Fr. ; Klaren^ Germ.) The freeing from dregs or 
impurities. 

DEFLAGRATION. (Eng. and Fr.; Verpuffung^ Germ.) A rapid combustion, 
attended with much evolution of flame and vapour. When metals are burnt by elec- 
tricity, they are said to undergo deflagration. 

DEFLAGRATOR. A galvanic instrument for producing a rapid and powerful 
combustion, introduced by Professor Hare. 

DE LAINES. Properly, fine worsted fabrics. They are indeed figured muslins, 
which should always be madeof wool, but they are frequently made of mixed material. 

DELF. A coarse species of pottery originally manufactured at Delft in Holland, 
covered with a white enamel or glaze. See Potterv. 

DELIQUESCENT. {Zerjliessent Germ.) Any solid which absorbs moisture from 
the air spontaneously, and becomes soft or liquid; such as potash, and chloride of 
"^calciugn. 

DELPJIINIA. The poisonous principle of the Stavesacre. 

DEMY. Paper of a particular size is so called. Drawing demy is 15 inches by 20 ; 
printing demy is 17j inches by 22 

DENUDATION. (jOeniwfo, to lay bare.) The carrying away by the action of run- 
ning water of the superficial solid materials of the land, by which the lower rocks are 
laid bare. 

DEODORISERS. Bodies which have the power of depriving fetid and offensive 
effluvia of their odours. There appears to exist a general idea that these substances 
are, all of them, equally disinfectants. No greater mistake can be made than to suppose 
that because a preparation has the power of removing a disagreeable smell, that there- 
fore it has removed all the elements of infection or disease. See Disinfectant. 

To disguise nnpleasaut odours, fumigation is employed, many of the fragrant gums 
are burnt, and fumigating pastiles employed. It is also a common practice to bum 
lavender and brown paper, but these merely overpower or disguise the smell ; they do 
not in any way act upon the noxious effluvia, ^e Pasttues, Fumigation. 

DEPHLEGMATION. The process by which liquids are deprived of their 
watery particCes. It is applied chiefly to spirituous liquors, but is now obsolete, as 
involving the alchemistical notion of a peculiar principle called phlegm. 

DEPHLOGISTICATED, deprived of phlogiston, which was for a long period 
after the time of Stahl regarded as the principle of levity and of combitstion. It may 
be regarded as synonomous with oCygenated. ” Others believe that Earth and Phlo~ 
giston are those principles which are the constituent parts of all corporeal substances. 

“ It appears from ail tf*ose experiments, tha't in each of them phlogiston, the 
inflammable principle, is present” “ Thus much I see from the above mentioned 
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experiments ; that air is composed of two different fluids, the one of which attracts 
. not the p/ifojiistoM* and the other has the quality of attracting it.” — Scheelex Eiperi- 
^ments on Air and Fire. 

•DEPILATORIES. Preparations tor removing hair from the skin. These are 
said to have hqpn much used by the ancients. In modem times they have been used 
“as cosmetics to^move superfluous hair from the face. Lime and the tersulphuret of 
arsenic (Orpimeiit) are the constituents of most of the ancient and modem depilatories; 
but the use of orpiment is dangerous, especially if there is any abrasion of the skin. 

The best and safest«depiIatory is said, in Gray't Supplement to the Pharmacopaia, 
edit^ by Redwood, to be a strong solution of sulphuret (sulphide) of barium made into 
a _paste with powdered starch. It should he applied to the hair immediately after it 
is mixed, and allowed to remain there for five or ten minutes. 

DEPOSITION OF METALS. See Elect»o-Metai.i.cbO¥. 

DERBYSHIRE SPAR. Fluor spar, or fluoride of calcium ; which sec. 

DERRICK CRANE. The term Derrick is applied to a temporary crane, con- 
sisting of a spar supported by stays and guys, carrying a purchase for loading or un- 
loading goods on shipboard. The Derriek crane is somewhat similar in its plan, the 
projecting iron beam, or derrick, of which can be raised or lowered to any desired 
angle. 

DESICCATION. The act of drying. 

Davison and Symington patented a process for drying or seasoning timber, by 
currents of heated air. Even after wood has been dried in the ordinary manner, it 
contains much moisture, which it is still necessary to remove. The patentees have 
given some curious results of this desiccating process; — 
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No. 3 exposed to the atmosphere for three weeks, weighed at the end of that time 
17 -8, or had taken in 42 per cent, of moisture.- 
J^eotAe;*.— Feather beds, mattresses, blankets, and clothing, are not only dried, but 
pnrifidl by this process. A feather bed of sixty pounds weight, will havjj no lets than 
100,000 cubic feet of air passed throt^h it; and at the same time beaters are made UM 
of, for the purpose of removing the dust. Feathers treated in this manner have their 
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bulk and elasticity so much increased, that a second tick is found almost inyariably 
necessary to put the feathers into. '' 

A practical proof of the extreme powers of currents of dry heated air was given in 
Syria, by exposing to them sixty suits of clothes, whiclrhad belonged to persons who 
died of the plague. These clothes were subjected to the process allud;ed to, at a tem- 
perature of about 240°, and afterwards worn by sixty living persons, int one of whom' 
ever gave the slightest symptom of being in the slightest degree aflfect^ by the malady, 
{Whishaw.^ The purification of feathers by this process is carried out in many 
large establishments. Coffee it has been proposed to dry by -currents of heated air, 
and subsequently to roast it by the same process. 

ThtcA card-boardj used for tea-trays and papier mache, is now frequently drieff by 
heated air. By the plan adopted at one establishment, previously to the introduction 
of Davison and Symington’s method, it invariably occupied from eighteen to twenty 
hours to dry a room full of paper by a heating surface equal to 330 feet ; whereas by 
the new method, the same amount of work is accomplished in four hours, and with a 
heating surface of only 46 feet, or one seventh the area required by the former. 

Silk, — For the purpose of drying silk, it has been usual to heat the drying chambers 
by large cast-iron globular stoves, the heat obtained thus was equal to 120° F., but 
excessively distressing to any stranger entering these apartments. 

In one arrangement 7000 cubic feet per minute are admitted at the above temper- 
ature through small perforated iron plates, let into the stone floor. As many as 3000 
pieces of silk are sometimes suspended at one time ; and as each piece of silk, when 
wet contains about seven ounces of water, and as the operation of drying the whole 
occupies but one hour, it follows that about 130 gallons of water are evaporated in 
that time. 

Yarns. — In Scotland and other places they now dry yams by modified applications 
of this process; and it is indeed extensively used in bleaching establishments, in 
calico-printing works, Sec. See Transactions of the Society of Arts for 1847-8. 

A DRYING HOUSE IS an apartment fitted up in a peculiar manner for drying calicoes, 
and other textile fabrics. Mr. Southworth, of Sharpies, a Lancashire bleacher, obtained 
a patent in 1823, for the following ingenious arrangement, which has been since gene- 
rally adopted, with certain modifications, in most of our extensive bleaching and 
printing works. Fig. 641, is a section of the drying-house, where a is a furnace and 
boiler for the purpose of generating steam; it is furnished with a safety valve in the 
tube bj at top, and from this tube the steam main c passes down to the floor of the 
basement story. From this main, a series of steam-pipes, as d d, extends over the surface 
of the floor, and from them heat is intended to he diff used for the purpose of warming 
the drying-house. 

Along the middle of the building a strong beam of timber c e extends, and is 
supported by cast-iron pillars; from this beam, to bearings on the side walls, a series 
of rails are carried in a cross direction, over which rails the wet cloth is to be hung iu 
Adds, and the steam or evaporation emitted in drying is allowed to escape through 
apertf.res or ventilators in the roof. 

The mode in which the cloth is delivered on to the rails, on either side of the beam 
will be best understood by reference to the delivering carriage, which is shown, with 
its rollers partly in section. 

The wet cloth is first to be coiled upon a roller, and then placed in the carriage, as 
at f with its pivots bearing upon inclined planes. The carriage is to placed at the 
commencement of the rails, running upon the middle beam, and also upon the side- 
bearings or railways extending along the side walls of the building, parallel to and 
upon a level with the same beam. It is made to travel by means of an endless band 
passing over two riggers g and A, in fig, 604, and over pulleys and a band- wheel 
attached to the carriage, as will be explained. The rigger y, which moves this endless 
band, is actuated by bevel gear, seen at b, which is put in motion by a pinion at the end 
of a revolving shaft leading from a steam engine. 

in the same fig., k k, is the endless band passing over a pulley under the band-wheel, 
and over the pulley n, by which it will be perceived that foe traversing of the band, as 
described, would cause these pulleys and wheels to revolve. On the action of the band- 
wheel m, theje is a drum against which the roll of wet cloth /presses, and as th'^drum 
revolves, the roll of wet cloth is, by its friction, made to turn in a contrary direction, 
and to deliver off* the cloth on to the periphery of the drum, whence it passes over a 
roller and descends to the rails. Upon the end of the axle of the band wheel m, there 
is a pinion which takes into the ^eeth of the large wheel, and upon the axle of this 
large wheel there is a pinion that actuates the intermediate wheel which turns another 
toothed wheel. This last mentioned toothed^wheel takes into cogs upon the side rail- 
wav, and hence, as the 'r>ain of wheels moves round, the carriage to which foe wheels 
are* attached is slowly impelled forward. - 



DESICCATION. 


13 


As soon as the wheels begin to move, and the carriage to advance, the wet cloth 
^ begins to uncoil, »d to pass down over the first roller ; a small roller attached to the 
carriage, as it passes over the rail in succession, holds the cloth against each rail for a 
sh^^t space of time, and prevents it from slipping, by which means the cloth descends 
in folds or loops between the rails, and is thereby made to hang in a series of folds or 
•loops as shown the figure. 

It will be pei^ived that as the pivots of the cloth rollery* bear upon inclined planes, 
the roller will c<mtinnally slide down as the cloth diminishes in bulk, keeping in con> 
tact with the drum, delivering the cloth from the roller on* to the several rails, as ,, 
described. 

Ii^order to stop the carriage in any part of its course, or to adjust any of the folds of 
the cloth, a man is usually placed upon the platform travelling with the carriage, over 
-which he has perfect command. This apparatus may be also employed for taking the 
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cloth when dried off the rails *, in which case the carriage must be made to travel back* 
wards, and by first guiding the end of the cloth on to the roller /, and then putting the 
wheels in a retrograde motion, the cloth will be progressively coiled upon the roller^ 
in a similar way to that by which it was uncoiled 

Dktinq Machine (centrifugal). {H^tiro^exiractevr s Madtine a eseorrr, 

By this contrivance, Peutzoldt was enabled to deprive all kinds of wet clotbee sM Itv 



minutes of their moisture, without comjircssion or beat. Kelly, a dy^, and Ailiott ^ 
a bleacher, have since obtained a patent for Uie above mackiH^ with 

642, represents a partial section of the machine, a, a* is the firaawi^ ■» iha 
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vertical shaft taraing in the step a, fixed on the bridge h. This shaft bears on its 
upper part a friction cone c, from which it receives its movement of rotation, as will 
be presently shown; c is a dram containing two concentric compartments d e, of the 
form represented in the figure ; this drum moves freely^ upon the shaft b, and re^ts 
when it is not in motion upon two conical projections /* which form a part of tne 
shaft. These two compartments are each composed mainly of mj^tal, and their 
sides consist of tinned iron wire coiled circularly at very small distances from each 
other, and soldered together cro^wise by small strips of metal, “^he top which 
covers the inner compartment is secured by bolts and scre^jjs to a circle of iron 
which retains the wire sides of the same metal, but that whicu serves as a cover to 
the little compartment e, in which alone the goods are placed, is disposed so tKtt it 
may he removed with ease, when these are to be introduced or withdrawn. It -is 
furnished with an outer and inner border, disposed so that when the top is fixed the 
inner border presses upon the convex circumference of the central compartment, while 
the exterior border falls outside of the edges of the other compartment. While the 
machine is at work, the second plate is maintained in its place by pins or bolts, not 
shown in the figure* 

The sides of the outer compartment d, are connected with the bottom by means of a 
prolongation of cross hands of metal which unite the wires and are riveted or soldered 
to the two outer plates. The wires of the interior compartment are attached by an iron 
hoop, to which they are riveted and soldered, and are united to the bottom plate by 
means of a rim upon this plate; a rim somewhat flattened upon the sides which are 
riveted and soldered. 

D, is a regulator suspended in the inner compartment rf, and whose two branches A, A, 
are loaded. These two branches having room to play around the bolts which serve as 
points of attachment, and which are fixed to the upper plate, terminate in kneed 
branches whose extremities rest upon a rope which projects from the shaft, e, is 
an exterior envelope secured to the frame a, a. It encloses the whole drum except 
at top, and serves to catch the water thrown out of the goods. At y there is a stop 
cock for the discharge of this water, and the bottom contains besides the end of a pipe 
by which hot air is introduced. 

The vertical shaft b receives a movement of rotation and carries with it the drum. 
The more rapid this movement is the more does the centrifugal force tend to expel 
the water contained in the clothes or yarn to he dried. But as this force might also 
displace the central shaft, if the weight was not rightly distributed in the drum, and 
cause the dislocation of the machine when the great velocity requisite for quick 
drying is given to it, the regulator 0 is tested to prevent accident. The branches 
of this regulator spread wider the more the velocity is increased, and raise conse- 
quently the drum c above the conical enlargements, which permits the drum to be 
somewhat misplaced and to rectify its position conformably to the inequalities of its 
load, sO that its centre of gravity may always coincide with its centre of rotation. The 
drum is connected with the shaft as is shown in leaving it free to take the requisite 
adjashnent. To hinder it from rising too suddenly, a spiral spring A is fixed over the 
shaft iraLaediately above the conical enlargement g. In order to maintain the equi- 
librium more certainly, the apparatus is surrounded with a hollow crown F, half filled 
with water, and if during the revolution of the machine the weight of the goods pre- 
dominates on one side, that of the water which accumulates on the other side serves the 
more to counterbalance it. The elOfect of this crown may be increased by dividing it 
into two compartments or more* o, is a large pipe by which steam or hot air is intro- 
duced into the belly of the drum, which is pierc^ in this place with a great number of 
small boles to receive it. 

The rotary movement is transmitted to the drum in the following way. 

I, is a conical disc mounted upon the extremity of a shaft which actuates the cone c 
and the shaft b by means of friction ; 1.’ is a cone fixed upon the extremity of the shaft. 

L' “ is another cone of the same dimension, but whose base fronts the top of the othert 
and which is placed on the shaft k* ” commanded by the prime mover, m is the belt 
which embraces the two cones, and whose lateral displacement, effected by means of a 
fork, permits the velocity of the machine to be regulated at pleasure, n is the pulley 
which directly receives the movement. In place of a single frictiou disc i, Mother 
may be employed, if judged necessary, and placed between the two, an adoitional 
friction pole, in order better to equalise the friction. In this case the disc and addi- 
tional cone should turn freely upon their own shafts. We may also adopt another 
arrangement for the bottom of the vertical shaft. The shaft immediately above the 
step is surrounded by a loose rim,^roand which a certain quantity of lead shot, or 
other granular matter, is contained in the rina in the box which serves for the step- 
The top of this box ifapierced with an opening, into which, when the machine 
is at rest, a cord connected with the shaft sinks, controlled by the shaft, and when 
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the drum is raised by the action of the regulator i), this cord quits its place, which allows 
the shaft to displq^e the shot a little, and to take a position conformably to the point 
^ of the centre of gravity. 

But after all great attention should be paid to the proper working of the macliine. 
Tftre are many other drying^machines used, some of which are described in the 
particles devotee^ to special manufactures. 

DETONATION. See Fulminating, for the mode of prepaiing detonating powder 
for the percussiefe caps of fire-arms. 

DETHITUS ; de, from, tero, to rub. Matter worn off rocks, and deposited in 
■valleys. 

DCUTOXIDE, literally means the second oxide, but is usually employed to denote 
a compound containing two atoms or two prime equivalents of oxygen to one or more 
of a metal. Thus we say deutoxide of copper, and deutoxide of mercury. Berzelius 
abbreviated this expression hy adopting the principles of the French nomenclature 
of 1787 ; according to which the higher stage of oxidisement is characterised by the 
termination and the lower hy ous. It is now rarely employed. 

DEVIL. The name of a spiked mill, used inYorkshire, for tearing woollen rags into 
fragments for the manufacture of Shoddy. 

DEVONSHIRE BATTS. A porous fine-grained sandstone from the quarries of 
Black Down Cliffs, near Collumpton, in repute as a grindstone. 

DEVONSHIRE OIL-STONE. This stone occurs near Huel Friendship Mine, 
about three miles from Tavistock, in the Devonian Slates of that district. It has con- 
siderable local repute for sharpening all kinds of thin-edged broad instruments ; it 
has not, however, become an article of commerce. — Knight, Tratu. Society of Artt. 

DEW-RETTING. See Flax. 

DEXTRINE. Starch Gum. There are three modes of obtaining this from starch, 
viz., by torrefaction, hy the action of dilute acids, and by the action of diastase. The 
impure dextrine obtained hy roasting is termed roasted starch, or lewomme. British 
gum is prepared by carefully roasting wheat starch, at a temperature of 300'’ Fahr. 
Another method of preparing dextrine consists in moistening 1000 parts of potato 
starch with 300 parts of water, to which 2 parts of nitric acid have been added. The 
mixture is allowed to dry spontaneously, and is afterwards heated for two or tliree 
hours in a stove, at 212 Fahr. Dextrine in many of its characters resembles or- 
dinary gum, but it is distinguishable from it by its right-handed rotation of a ray of 
plane polarised hence its name dextnne , — and by its yielding oxalic acid, but 

not muoic acid, when heated with nitric acid. Its chemical formula is C'^H’0*,HO. 

DI ACTINIC LENS. A name proposed to be given to the best construction of 
lens for the photographic camera obscura. It should he transparent to all the 
chemical ra}s, or rather, a lens which should unite the chemical and lumioons foci 
in one point. The name has not been genenlly adopted. 

DIALLAGE. Bromite, Jltfptrstene^andL. SchiUerspar are confounded under 
this name. The name is derived from ZiaWaryyi, difference, alluding to dissimilar 
cleavage. It is thin, foliated, and easily cleavable ; laminse brittle ; colour, vipkous 
shades of green, grey, and brown, sometimes bronze and pesirly metallic. • 

Of diallage rock fine examples will be found near the Lizard Point, and beautiful 
crystals of diallage are to be discovered in the Serpentine rocks near Cadgwiih, in 
the same locality. 

diamagnetism. As this term is lH’c<»ming more generally used in our lan- 
guage, it appears necessary to give a definition of it, although it is not our purpose 
to enter on the consideration of any purely physical subject. 

The term was introduced by Dr. Faraday, to express those bodies which did mK 
act as magnetic bodies do. If n and g represent Ae poles of a horse-shoe 
any bar of a magnetic character, as iron, cobalt or nickel, hung up between them and 
free to move, will by virtue of the attracting aud repelling polar forces, place itself 


wo o s 

along the line joining the two poles a h, which is called the magnetic axis. If instead 
of a bar of iron we suspend in the same manner a rod of glass, of bismuth, or of 
silver, it will arrange itself equatorially, or across the line a A as shown by the doited 
line, c (L All bodies in nature appear to exist in dhe of th^e two conditimia. The 
prefix dia is used here in the same sense as in ^a-meter. See De La RiteU Eke- 
tricify, for a full explanation of all the diamagnetic pfaeiKunen^ 

DI.\>IOND {Diamant, Fr. ; Diarmni, Germ.) ^Experiment bitf dkdermaiad that 
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this beautiful gem is a peculiar (aUotropic) condition of carbon. By burning the 
diamond in oxygen gas ve produce carbonic acid ; and by enclosing the gem in a 
mass of iron, and subjecting it to a strong heat, the metal is converted into steel, when ^ 
the diamond has disappeared. It has been shown that we can, by the agency of the 
heat of the voltaic arc, convert the diamond into excellent coke, and into graphite ; Kit 
although portions of coke are found to be sufficient!}' hard to cut glass, we have not 
yet succeeded in making diamonds from coke. Sir Humphry Davy Noticed that the 
charcoal of one of the poles of Mr. Children’s great voltaic battery ^as considerably 
hardened, and he regarded this as an advance towards the production of that gem. 
Recently some experiments made by a French philosopher bSve advanced the dis- 
covery another step : one of the poles of a voltaic battery being charcoal and the ft^her 
of platinum, it was found that the fine charcoal escaping from the carbon pole and 
depositing itself on the platinum pole wi^ sufficiently hard to be used in the place of 
diamond dust for polishing gems. The formation of the diamond in nature is one of 
the problems which “ our philosophy ” has not yet enabled us to solve. Time is an 
element which enters largely into nature’s works ; she occupies a thousand, or even 
thousands of years to pri^uce a result, while man in his experiments is confined to 
a few days, or a few years at most. 

Although diamonds have been occasionally found in various parts of the globe, there 
are only two places which can be strictly named as diamond districts, a portion of the 
Indian Peninsula and Brazil. India has been celebrated from the most remote anti- 
quity as the country of diamonds. Its principal mines are in the kingdoms of Golconda 
and Visapour extending from Cape Comorin to Bengal, at the foot of a chain of moun- 
tains called the Orixa^ which appear to belong to the trap rock formation. In all the 
Indian diamond soils, these gems are so dispersed that they are rarely found directly, 
even in searching the richest spots, because they are enveloped in an earthy crust, which 
must be removed before they can be seen. The stony matter is therefore broken into 
pieces, and is then, as well as the looser earth, wasb^ in basins scooped out for the 
purpose. The gi'avel thus washed ig collected, spread out on a smooth piece of ground, 
and left to dry. The diamonds are now recognised by their sparkling iu the sun, and 
are picked out from the stone. 

Diamonds are also said to come from the interior of the island of Borneo, on the banks 
of the river Succadao, and from the peninsula of Malacca. It is said the principal spots 
where diamonds are fonnd are recognised by certain small flints, generally of a black 
colour, which lie upon the surface, and also by the yellow colour of the stony soiL The 
ground is dug in the presence of an overseer : all stones above 5 carats, are claimed for 
the sovereign. Diamonds are found occasionally in the rivers, seldom however of any 
size. 

The diamond mines of Brazil were discovered in 1728, in the district of Serro-do- 
Frio. The ground in which they are imbedded has the most perfect resemblance to that 
of the East Indies where the diamonds occur. It is a solid or friable conglomerate, 
consisting chiefly of a ferruginous sand, which encloses fragments of various magnitude 
of y^Iow and bluish quartz, of schistose, jasper, and grains of gold disseminated with 
oligist iron ore, — all mineral matters different from those that constitute the neighbour- 
ing mountains ; this conglomerate, or species of pudding-stone, almost always superficial, 
occurs sometimes at a considerable height on the mountainous table-land. The most 
celebrated diamond mine is that of Mandarga, on the Jigitonhonha, in the district of 
Serro-do-Frio to the north of Rio- Janeiro. The river Jigitonhonha, three times broader 
than the Seine at Paris, and from 3 to 9 feet deep, is made nearly dry, by drawing the 
water off with* sluices at a certain season ; and the cascedho, or diamond gravel, is 
removed from the channel by various mechanical means, to he washed elsewhere at 
leisure. This cascalho, the same as the matrix of the gold mines, is collected in the 
dry season, to be searched into during the rainy ; for which purpose it is formed into 
little mounds of 15 or 16 tons weight each. The washing is carried on beneath an 
oblong shed, by means of a stream of water admitted in determinate quantities 
into boxes containing the cascalho. A negro washer is attached to each box ; Tn- 
spectors are placed at regular distances on elevated stools, and whenever a negro has 
found a diamond, he rises up and exhibits it. If it weighs 17J carats, he receives 
his liberty. Many precautions are taken to prevent the negroes ^rom secreting the 
diamonds, '^ach squad of workmen consists of 200 negroes, with a surgeoncind an 
almoner or priest, 

The flat lands on either side of the river are equally rich in diamonds over their whole 
surface, so that it becomes very easy to estimate what a piece of groand not yet washed 
may produce. 

It is said that the diamonds surrounded by a greenish crust are of the Jvat water, 
or are the most limpid ,frhen cut. The dianronds received in the differeut mines of the 
district, are deposited once a month in the treasury of Tejuco ; and the amount of what 
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■was thas delivered from 1801 to 1806, may be cstimated.at about 18 or 19 thousand 
carats per annum, 

% On the bankS of the torrent called Rio-Pardo, there is another mine of diamonds. 
The groandpresentsagreatmanyfriable rocks of pudding-stone, distributed in irregular 
^rata. It is chiefly in the bid of this stream that masses of cascalho occur, peculiarly 
rich in diamonds. They are much esteemed, particularly those of a greenish-blue colour. 

* The ores thal^ccompany the diamond at Rio-Pardo differ somewhat from those of the 
washing grounds of Mandanga, for they contain no pisiform iron ore *, but a great 
mauy pebbles of slaty jasper. This table land seems to be yery high, probably not less 
than 5,500 feet abov€^he level of the sea. 

^ocaya, a principal village of Minas- Novas, is 34 leagues to the north-east of Tejuco, 
in an acute angle of the confluence of the Jigitonhonha and the Rio-Grande. In the 
bed of the streamlets which fall westward into the Jigitonhonha, those rolled white 
topazes are found which are known under the name of rmnas movas with blue topazes^ and 
aquamarine beryls. In the same country are found the beautiful cymophanes or chry- 
soberyls so much prized in Brazil. And it is from the cantons of Indaia and Abaite 
that the largest diamonds of Brazil come ; yet they have not so pure a water as those 
of the district of Serro-do-Frio, but ioclme a little to the lemon yellow. 

It is known that many minerals become phosphorescent by heat, or exposure to the 
sun’s light. Diamonds, it has been said on doubtful authority, possess this property, 
but all not in equal degree, and certain precautions must be observed to make It mani- 
fest. Diamonds need to be exposed to the sunbeam for a certain time in order to 
become self-luminons ; or to the blue rays of the prismatic spectrum, which augment 
still more the faculty of shining in the dark. Diamonds susceptible of phosphorescence 
exhibit it either after a heat not raised to redness, or the electric discharge. Many 
minerals possess the power of becoming electrically phosphorescent, which do not 
appear to be affected by the solar rays. Diamonds possess not only a great refractive 
power in the mean ray of light, but a high dispersive agency, which enables them to 
throw out the most varied and vivid colours in multiplied directions. 

Diamonds take precedence of every gem for the purpose of dress and decoration ; 
and hence the price attached to those of a pure water increases in so rapid a proportion, 
that, beyond a certain term, there is no rule of commercial valuation. 'J'he largest 
diamond that is known seems to be that of the Rajah of Mattan in the East Indies. 
It is of the purest water, and weighs 367 carats, or, at the rate of 4 grains to a carat, 
upwards of 3 ounces tro^. It is shaped like an egg, with an indented hollow near 
the smaller end; it was discovered at lAndak about 100 years ago ; and though the 
possession of it has cost several wars, it remained in the Mattan family for 90 years. 
A governor of Batavia, after ascertaining the qualities of the gem, wished to be the 
purchaser, and offered 1 50,000 dollars for it, besides two war brigs with their guns and 
ammunition, together with a certain number of great guns, aud a quantity of powder 
and shot. But this diamond possessed such celebrity in India, twing regarded as a 
talisman involving the fortunes of the Rajah and hit family, that he refu^ to part with 
it at any price. • 

The Mogul diamond passed into the possession of the ruling family oMCabul, as 
has been invariably affirmed by the members eff that family, and by the jewellers 
of Delhi and Kabul. It baa been by both parties identided with the great diamond 
now known under the name of the Koii i-Noor, or mounUim of hyht, — which was 
displayed by its present proprietor, her Majesty the Queen, at the Great Exhibition 
in 1851. 

The diamond denominated the Koh-i-noor, or Mountain (koh) of Light (noor), 
has long enjoyed both Indian and European celebrity, and has accordingly been the 
subject of traditionary fable, as well as of historical record. 

According to Hindu legend, it was found in the mines of the sooth of India in the 
days of the Great War, the subject of the heroic poem, the Maka’bha'rata^ and was 
worn by one of the warriors who was slain on that occasion, Kama, king of Anga: 
tflis would placuit about 4000 years ago, or 2100 b.c. A long interval next mak^ 
it the property of Vikramaditya, the raja of Mjs)in, 56 B.C., from whom it 
descended to his successors, the rajahs of Malwa, until the principality was 8ubvert«*d 
by Mobamedan c"»nquerors, into whose hands it fell, with other spoils of infinite value. 

Whatever may be thought of the legend which gives so high an anf iqui*' to the Koh- 
i-Noor, we might expect some more trustworthy information when we come down so 
K)w as the beginning of the fourteenth century ; Malwa having been invaded and 
overrun by tbe armies of Ala-ad-din, the sultan of Delhi, in 1306, who, according to 
the autobiography of the sultan Baber, acquired tfte jewel. That it did become tbe 
property of the sultanas of Delhi is lilt’e doubtful, but when or bow is matter some 
uncertainty, although the grounds of th^Tdifficulty have nothilb^rto been inv^t^aUed. 

VoL II. C 
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In 1665 Mons. Jean Baptiste Tavernier, an enterprising and intelligent traveller, 
and an eminent jeweller, although Ecuyer, Baron d’Anhonne, visited Indja especially 
to purchase diamonds. His profession and his personal character seem^^have re- 
commended him to the favourable attention of the nobles of the court of Delhi, and 
bigot as he was, of Aurangzeb himself, by whose comEEands Mons. Tavernier wa*. 
permitted to inspect, handle, and weigh the jewels of the imperial cabinet. Amongst 
them was one which far surpassed all the rest in size and value. Tavernier describes 
it as rose-cut, of the shape of an egg cut in two, of good water, and yeighing 319J 
ratis, which, he says, is equal to 280 of our carats. 

There is but little doubt that the diamond examined by Tairemier in the Delhi 
Cabinet was the Koh-i-Noor. Baber, the Mogul emperor, obtained a diamond, cor- 
responding exactly with this, and it passed eventually into the possession of the ruling 
family ofKabul. Nadir Shah, on his occupation of Delhi in 1739, compelled Mohammed 
Shah, the great-grandson of Aurangzeb, to give np to him everything of value that the 
Imperial treasury possessed, and his biographer and secretary specifies a peshkash, or 
present, by Mohammed Shah to his conqueror of several magnificent diamonds. 
According to the family and popular tradition Mohammed Shah wore the Koh-i-Noor 
in front of his turban at his interview with his conqueror, who insisted on exchanging 
turbans in proof of his regard. However this might have been, we need have little 
doubt that the great diamond of Aurangzeb, was in the possession of Mohammed 
Shah at the time of the Pei-sian invasion; and if it was, it most certainly changed 
masters, and became, as is universally asserted, the property of Nadir Shah, who is also 
said to have bestowed upon it the name of Koh-i- Noor. After his death, the diamond 
which he had wrested from the unfortunate representative of the house of Timur, became 
the property of Ahmed Shah, the founder of the Abdali dynasty of Kabul, having been 
given to him, or more probably taken by him, from Shahrikh, the young son of Nadir. 
The jewel descended to the successors of Ahmed Shah, and when Mr. Elphinstone was 
at Peshawur, was worn by Shah Shujaon his arm. When Shah Shnja was driven from 
Kabul, he b^ame the nominal guest and actual prisoner of Kunjet Sing, who spared 
neither importunity nor menace, until, in 1813, he compelled the fugitive monarch to 
resign the precious gem, presenting him on the occasion, it said, with a lakh and 
25,000 rupees, or about 12,000/, sterling. According to Shah Shuja’s own account, 
however, he assigned to him the revenues of three villages, not one rupee of which he 
ever realised. Eunjet was highly elated by the acquisition of the diamond, and wore 
it as an armlet at all great festivals. When be was dying, an attempt was made by 
persons about him to persuade him to make the diamond a present to Jagannutb, 
and it is said that he intimated assent by an inclination of his head. The treasurer, 
however, whose charge it was, refused to give it up without better warrant, and 
Eunjet dying before a written order could be signed by him, the Koh-i-Noor was 
preserved for awhile for his successors. It was occasionally worn by Rhnrrenk Sing 
and Shu Sing. After the murder of the latter, it remained in the Lahore treasury 
until the supercession of Dhulip Sing, and the annexation of the Punjauh by the 
■ British Government, when the civil authorities took possession of the Lahore treasury, 
under thoistipulations previously made, that all the property of the state should be 
confiscated to the East India Company, in part payment of the debt due by the Lahore 
government and of the expenses of the war ; it was at the same time stipnlated that 
the Koh-i-Noor should be presented to the Queen of England. Such is the strange 
history of certainly one of the most extraordinary diamonds in the world. After the 
Company became possessed of the gem, it was taken in charge by Lord Dalhousie, 
and sent by him to England in custody of two officers. — Hunt's Handbook of the Great 
Exhibition q/'1851. 

As exhibited at the Crystal Palace in Hyde Park, the Koh-i-Noor weighed 186, 
carats. 

The form of the Koh-i-Noor is given in fig. 644. p is a large plane at the base of 
the diamond which is a cleavage plane, p, also a large cleavage plane, produced by 
a fracture ; this had not been polished, and being inclined to the plane p at an angfe 
of 109° 28', affords a satisfactory means for determining the direction of the cleavage 
planes of the stone, a shows a flaw running parallel to the cleavage plane r. This 
constituted the principal danger to be apprehended in cutting the stone, and was most 
skilfully groChd nearly out before any of the facets were cut. This flaw sees»ed to 
proceed from a fracture marked n. c and E were little notches cut in the stone for the 
purpose of holding the diamond in its original setting ; n a small flaw which almost 
required a glass to see it, evidently parallel to the plane p ; » a fracture from a blow 
or fall, showing at its base a cleavege plane. — Tennant. 

This fine diamond did not possess that high degree of brilliancy which was expected 
from its great reputati^; it was conseqaentiy submitted to Messrs. Garrard to be 
recut. In the operation the weight was reduced more than one-third, but its brilliancy 
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■was greatly improved. The present state of the Koh-i-Noor is shown in figs. 645 and 
646. See Plafond-cutting. 

644 



After this gem, the next are; — 1. That of the emperor of Russia, bought by the 
late empress Catharine, which weighs 193 carats. It is said to be of the size of a 
pigeon’s egg, and to have been bought for 90,000?., besides an annuity to the Greek 
merchant of 4.000?. It is reported that the above diamond formed one of the eves of 
the famous statue of Sherigan, in the temple of Brama, and that a French grenadier, 
who had deserted into the Malabar service, foand the means of robbing the pagoda of 
this precious gem, and escaped with it to Madras, where he disposed of it to a ship 
captain for 2,000/,, who resold it to a Jew for 12,000?. From him it was transferred 
for a large sum to the Greek merchant 2. That of the emperor of Austria, which 
weighs 139 carats, and has a slightly yellowish hoe. It has. however, been valued at 
100,000/. 3. That of the French State, called the Regent or Pitt diamond, remarkable 
for its form and its perfect limpidity. Althongh it weighs only 136 carats, iu fine 
qualities have caused it to be valued at 160,000/., though it cost only 100,000?. 

The largest diamond furnished by Brazil, now in possession of the Crown of Portugal, 
weighs, according to the highest estimates, 120 carats. It was found in the streamlet 
of Abaite, in a clay-slate district. 

Diamonds possessed of no extraordlnaiy magnitude, bnt of a good form and 
pure water, may be valued by a certain standard rule. In a brilliant, or roM-dflmond 
of regular proportions so much is cut away that tbe weight of the polishea gem does 
not exceed one-half the weight of the diamond io the rough state ; whence the value of 
a cut diamond is esteemed equal to that of a similar rough diamond of double weight 
exclusive of the cost of workmanship. The weight and value of diamondsis reckoned 
by carats of 4 grains each ; and the comparative value of two diamonds of equal 
quality, hut different weights, is as the squares of these weights respectively. The aver- 
age price of rough diamonds that are worth working, U about 2?. for one of a single 
carat ; but as a polished diamond of one carat must have taken one of two carats, its pnee 
in the rough state is double the square of 2?., or 8/. Therefore to estimate the value 
of a wrought diamond, ascertain its weight in carats, double that we^bt, and multiply 
the square of this product by 2/. Hence, a wrought diamond of 
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beyond which weight tbe price can no longer rise in this geometrical pn^re^tm, from 
the small number of purchasers of such expensive toys. A very trifUng spot gt fiaw of 
any kind lowers exceedingly the commercial valuPof a diamond. 

Diamonds are used not only as decorative gems, bnt for more useful purples, it • 
for cutting glass by tbe glazier, and ali^iods of bard stones^y the l^ndar^. 

On the structure of glazier's diamond we possess some very li^rcilmg 
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■ ations and reflections by Dr. Wollaston. He remarks, that the hardest substances 
brought to a sharp point scratch glass, indeed, but do not cut it, and 4hat diamonds 
alone possessed that property ; which he ascribes to the peculiarity of its crystallisation 
in ronnded flices, and curvilinear edges. For glass-cutting, those rough diamonds are 
always selected which are sharply crystallised, hence called diamond sparks ; but cut*^ 
diamonds are never used. The inclination to be given to a set diamond in cutting 
glass is comprised within very narrow limits ; and it ought, moreover, to be moved 
in the direction of one of its angles. The curvilinear edge adjoining the curved faces, 

* entering as a wedge into the furrow opened up by itself, thus tends to separate the 
parts of the glass ; and in order that the crack which causes tue separation of the 
vitreous particles may take place, the diamond must be held almost perpendicular to 
the surface of the glass. The Doctor proved this theory by an experiment. If, by 
suitable cutting with the wheel, we make the edges of a spinel ruby, or corundum- 
telesie (sapphire!, curvilinear, and the adjacent faces curved, these stones will cut glass 
as well as a glazier’s diamond, but being less hard than it, they wiU not preserve this 
property so long. He found that upon giving the surface of even a fl^ment of flint 
the same shape as that of the cutting diamond, it acquired the same property ; but, 
from its relative softness, was of little duration. The depth to which the fissure 
caused by the glazier’s diamond penetrates does not seem to exceed the two-hundredth 
of an inch. 

The following remarks by Mr. Tennant cannot fail to be of Interest, and, as pointing 
out the errors which have been frequently committed through ignorance, of great 
value. 

“ By attending to the forms of the crystal, we are quite sure that we shall not find 
the emerald, sapphire, zircon, or topaz in the form of a cube, octahedron, tetrahedron, 
or rhombic dodecahedron ; nor the diamond^ spinel, or garnet in that of a six sided 
prism, and so on with other gems. For want of a knowledge of the crystalline form 
of the diamond a gentleman in California offered 200/. for a small specimen of quartz. 
He knew nothing of the substance, except that it was a bright shining mineral, exces- 
sively hard, not to be scratched by the file, and which would scratch glass. Pre- 
suming that these qualities belonged only to the diamond, he conceived that he was 
offering a fair price for the gem ; but the owner declined the offer. Had he known 
that the diamond was never found as a six-sided prism, terminated at each end by a 
six-sided pyramid, he would have been able to detect the fact that what he was offered 
SOOl for, was' really not worth more than half a crown.” — Tennant’s Lecture on Gems. 

The accompanying forms may serve to guide those who are ignorant of crystal- 
lography. 



technical terms are applied to the different faces of diamonds : 

Sezils: we upper sides and comers of the brilliant, lying between the edge of the 
table and the girdle. ex 

Collet: the small horizontal plane or face, at the bottom of the brilliant. 

_ Crown .• the upper work of the rose, which all centres in the point at the top, and 
IS bounded by the horizontal ribs. ~ 

Facets : small triangular faces, or planes, both in brilliants and roses. In brSliants 
there are two sorts, skew or sAi/Z-fecets, and star-facets. SkiU-facets are divided into 
upper and under. Upper skiU-fecets are wrought on the lower part of the bezil, and 
terminate m the girdle ; under-skill facets are wrought on the pavilions, and terminate 
in the girdle; star-facets are wrougE on the upper part of the bezil and terminate in the 
table. 

Girdle : the line whicl;; encompasses the sfone parallel to the horizon ; or, which 
determines the greatest horizontal expansion of the stone. 
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Lozenges : are common to brilliants and roses. In brilliants they are formed by the 
• meeting of thtftkill and star-facets on the hezil. In roses hy the meeting of the facets 
in the horizontal ribs of the crown. 

• Pavilions ; the nnder sidys and comers of brilliants, lying between the girdle and 
the collet. 

• Bibs ; the.lines, or ridges, which distingnish the sereral parts of the work, both in 
brilliants and roses. 

Table : the large horizontal plane, or face, at the top of the brilliant. 

Fig. 649 represents a brilliant, andj%. 650 a rose cut diamond. * 

The rose diamond is flat beneath, like all weak stones, while the upper face rises 
iSto a dome and is cut into facets. Most usnally six facets are put on the central 
region which are in the form of triangles, and unite at their summits ; their bases 
abut upon another range of triangles, which being set in an inverse position to the 
preceding, present their bases to them, while their summits terminate at the sharp 
margin of the stone. The latter triangles leave spaces between them which are like- 
wise cut each into two facets. By this distribution the rose diamond is cut into 
24 facets ; the surface of the diamond being divided into two portions, of which the 
upper is called the crown, and that forming the contour, beneath the former, is called 
dentelle (lace) hy the French artists. 

According to Mr. Jefferies, in his Treatise on Diamonds, the regular rose diamond 
is formed by inscribing a regular octagon in the centre of the table side of the stone, 
and Ordering it by eight right-angled triangles, the bases of which correspond with 
the sides of the octagon ; beyond these is a chain of 8 trapeziums, and another of 
16 triangles. The collet side also consists of a minnte central octagon, from every 
angle of which proceeds a ray to the edge of the girdle, forming the whole surface 
into 8 trapeziums, each of which is again subdivide by a salient angle (whose apex 
touches the girdle) into one irregular pentagon and two triangles. 

To fashion a rough diamond into a brilliant, the first step is to modify the faces of 
the original octahedron, so that the plane formed by the junction of the two pyramids 
shall be an exact square, and the axis of the crystal precisely twice the length of one 
of the sides of the square. The octahedron being thus rectified, a section is to be 
made parallel to the common base or girdle, so as to ent off 5 eighteenths of the whole 
height from the upper pyramid, and 1 eighteenth from the lower one. The superior 
and larger plane thus pr^uced is called the talde, and the inferior and smaller one is 
called the collet; in this state it is termed a complete square taUe diamond. To convert 
it into a brilliant, two triangular facets are placed on eaeh side of the table, thus 
changing it from a square to an octagon ; a lozenge-shaped facet is also placed at each 
of the four corners of the table, and another lozenge extending lengthwise along the 
whole of each side of the original square of the table, which with two triangular fkcets 
set on the base of each lozenge, completes the whole number of facets on the table 
side of the diamond ; viz. 8 lozenges, and 24 triangles. On the collet side are formed 
4 irregular pentagons, alternating with as many irregular lozenges radiating from^ - 
the collet as a centre, and border^ by 16 triangular facets luljoining the gijiUtf The 
brilliant being thus completed, is set with the table side uppermost, and the collet side 
implanted in the cavity made to receive the diamond. The brilliant is always three 
times as thick as the rose diamond. In France, the thickness of the brilliant is set 
off into two unequal portions ; one third is reserved for the upper part or table of the 
diamond, and the remaining thirds for the lower part or collet {culasse). The 
table has eight planes, and its circumference is cut into facets, of which some are 
triangles and others lozenges. *Fhe collet is also cut into facets called pavilions. It 
is of consequence that the pavilions lie in the same order as the upper fiicets, and that 
they correspond to each other, so that the symmetry be perfect, for otherwise the 
play of the light would be false. , .» ' 

Although the rose-diamond projects bri^M bsqtps of light in more extensive propor- 
tion often than the brilliant, yet the latter sfaowt an incomparably greater play, IVom 
the difference of its cutting. In exccjrting this, there are formed 32 faces of different 
figures, and inclined at different angles all round the table, on the upper side of the 
stone. On the collet (culasse) 24 other foces are made round a small table, which 
convmte the culasse into a truncated pyramid. Hese 24 facets, like^he 32 above, 
are differently inclined and present different figures. It is essential that the fiices of 
the fop and the bottom correspond together in sufficiently exact proportions to multi- 
ply the reflections and refractions, so as to produce the colours of the piismatie 
spectrum. 

DIAMONDS, cutting of. Although the di.amond is the hardest of all known sub- 
stances, yet it may be split by a steel too^, provided a blow be applied ; but this requires “ 
a perfect knowledge of the structure, because it will only yiel#W such means in eertaiu 
directions. This circumstance prevents the workman from forming freettes or ptanea 
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generally, by the process of splitting ; he is therefore obliged to resort to the process 
of abrasion, which is technically called cafting. The process of cuttin*^' is eflPected by 
fixing the diamond to be cut on the end of a stick, or handle, in a small ball of 
cement, that part which is to be reduced being left to pr<gect. Another diamond ig:* 
also fixed in a similar manner ; and the two stones being rubbed against each other 
with considerable force, they are mutually abraded, flat surfaces, or fscettes, being 
thereby produced. Other facettes are formed by shifting the diamonds into fresh 
positions in the cement, and when a sufficient number are produced, they are fit for 
polishing. The stones, when cut, are fixed for this purpose, by imbedding them in soft 
solder, contained in a small copper cup, Uie part or facette to be polished being left 
to protrude, 

A flat circular plate of cast-iron is then charged with the powder produced during 
the abrasion of the diamonds j and by this means a tool is formed which is capable of 
producing the exquisite lustre so much admired on a finely -polished gem. Those 
diamonds that are unfit for working on account of the imperfection of their lustre or 
colour, are sold, for various purposes, under the technical name of Bort. Stones of 
this kind are frequently broken in a steel mortar, by repeated blows, until they are 
reduced to a fine powder, which is used to charge metal plates of various kinds, for 
the use of jewellers, lapidaries, and others. Bort, in this state of preparation, is 
incapable of polishing any gems ; but it is used to produce flat surfaces on rubies and 
other precious stones. 

Fine drills are made of small splinters of bort, which are used for drilling small holes 
in rubies, and other hard stones, for the use of watch-jewellers, gold and silver wire- 
drawers, and others who require very fine holes drilled in such substances. These 
drills are also used to pierce holes in china, where rivets are to be inserted ; also for 
piercing holes in artificial enamel teeth, or any vitreous substances, however hard. 

The following description furnished to Mr. Tennant, by Messrs. Garrard, of the 
cutting of the Koh-i-noor will fully explain the peculiar conditions of the process, 
and also show that there are some remarkable diflerences in the physical condition of 
the gem in its different planes. The letters refer to the cut of the Koh-i-noor, article 
Diamond,/^. 644. 

cutting diamonds from the rough, the process is so uncertain that the 
cutters think themselves fortunate in retaining one-half the original weight. The 
Koh-i-noor, on its arrival in England, was merely surface cut, no attempt having been 
made to produce the regular form of a brilliant by which alone lustre is obtained. By 
reference to the figures, which are the exact size of the Kob-i-noor, it will be clearly 
underetood that it was necessary to remove a large portion of the stone in order to 
obtain the desired effect, by which means the apparent surface was increased rather than 
diminished, and the flaws and yellow tinge were removed. 

“ The process of diamond cutting is effected by an horizontal iron plate of about 
ten inches diameter, called a schyf, or mill which revolves from two thousand to three 
->thousand times per minute. The diamond is fixed in a ball of pewter at the end of 
an anfl. resting upon the table in which the plate revolves •, the other end, at which 
the ball containing the diamond is fixed, is pressed upon the wheel by movable weights 
at the discretion of the workmen. The weight applied varies from 2 to 30 lbs. accord- 
ing to the size of the facets intended to be cut. The recutting of the Koh-i-noor was 
commenced on July 16, 1852, His Grace the late Duke of Wellington being the first 
person to place it on the mill; the portion first worked upon was that at which the 
planes p and F meet, as it was necessary to reduce the stone at that part, and so to level 
the set of the stone before the table could be formed ; the intention being to turn the stone 
rather on one side, and take the incision or flaw at e, and a fracture on the other side of 
the stone, not shown in the engraving, as the boundaries or sides of the girdle. The 
next important step was the attempt to remove an incision or flaw at c, described by 
Professor Tennant and the Rev. W. Mitchell as having been made for the purpose of 
holding the stone more firmly in its setting, but pronounced by the cutters (after havinj^ 
cut into and examined it) to be a natural flaw ofa yellow tinge, a defect often met with in 
small stones. The next step was cutting a*facet on the top of the stone immediately above 
the last mentioned flaw. Here the difference in the hardness of the stone first manifested 
itself ; for whjje cutting this facet, the lapidaiy noticing that the work aid not proved so 
fast as hitherto, allowed the diamond to remain on the mill rather longer than usualVwith- 
out talking it off to cool ; the consequence was, that the diamond became so hot from the 
contmual friction and greater weight applied, that it melted the pewter in which it was 
imbedded. Again, while cutting same facet, the mill became so hot from the ex- 
treme hardness of the stone, that particles of iron mixed with diamond powder and 
oil ignited. The probable cause of the diamond proving so hard at this part is, that 
the lapidary was obligei^to cut directly upon the angle at which two cleavage planes 
meet, cutting across the grain of the stone. Another step that was thus considered to 
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be important by the cutters was removing a flaw at G. This flaw was not thought by 
Professor Tenifent and Mr. Mitchell to be dangerous, because if it were allowed to run 
according to the cleavage, it would only take off a small piece, which it was necessary 
remove in order to acquije the present shape. The cutters, however, had an idea 
that it might not take the ^sired direction, and, therefore, began to cut into it from 
both sides, and afterwards directly upon it, and thus they succeeded in getting rid of 
it. While cutting, the stone appeared to become harder and harder the further it was 
cut into, especially jost above the flaw at a, which part became so hard, that, after 
working the mill at;yie medium rate of 2400 times per minute, for six hours, little * 
impression had been made ; the speed was therefore increased to more than 3000, at 
w%ich rate the work gradually proceeded. When the back (or former top) of the 
stone was cut, it proved to be much softer, so that a facet was made in three hours, 
which would have occupied more than a day, if the hardness had been equal to that 
on the other side; nevertheless, the stone afterwards became gradually harder, especi- 
ally underneath the flaw at a, which part was nearly as hard as that directly alwve 
it. The flaw at n did not interfere at all with the cutting. An attempt was made to 
cut out the flaw at a, but it was found not desirable on account of its length. The 
diamond was finished on September 7th, having taken thirty-eight days to cut, working 
twelve hours per day without cessation.” The weight of the Koh-i-Noor since cut- 
ting is 162^ carats, 

DIAMOND DUST. The use of diamond dust within a few years has increased 
very materially, on account of the increased demand for all articles that are wrought 
by it, such as cameos, intaglios, 8cc. There has been a discovery made of the peculiar 
power of diamond dust upon steel ; it gives the finest edge to all kinds of cutlery, and 
it threatened at one time to displace the hone of Hungary. Finely powdered corundum, 
however, now occupies its place. It is well known that in cutting a diamond, the 
dust is placed on the teeth of the saw — to which it adheres; to this dust is to he 
attributed solely the power of man to make brilliants from rough diamonds. The 
dust enables the polisher to obtain the perfection of geometrical symmetry, which is 
one of the chief beauties of the mineral, and also that adamantine polish, which nothing 
can injure or affect, save a substance of its own nature. 

Diamond dust, it would appear, can now be manufactured by the agency of voltaic 
electricity. See Diamond. 

DIAMOND MICROSCOPES were first suggested by Dr. Goring, and have been 
well executed by Mr. Pritchard. Previous to grinding a diamond into a spherical 
figure, it should be ground fiat and parallel upon both sides, that by looking through 
it, as opticians try flint glass, we may see whether it has a double or triple refractive 
power, as many have, which would render it useless as a lens. Among the different 
crystalline forms of the diamond, probably the octahedron and the cul^ are the only 
ones that will give a single vision. It will, in many cases, be advisable to grind diamond 
lenses plano-convex, Irath because this figure gives a low spherical aberration, and 
because it saves the trouble of grinding one side of the gem. A concave tool of cast ^ 
iron, paved with diamond powder, hammered into it by a hardened steel was 

employed by Mr. Pritchard. This ingenious artist succeeded in eompleting a dcmble 
convex of equal radii, of about ^ of an inch focus, bearing an aperture of ^ of an inch 
with distinctness upon opaque objects, and its entire diameter upon transparent ones. 
This lens gives vision with a trifling chromatic aberration ; m other respects, like Dr. 
Goring’s Amician reflector, but without its darkness, its light is said to be superior 
to that of any compound microscope whatever, acting with the same power, and the 
same angle of aperture. The advantage of seeing an object without aberration by the 
interposition of only a single magnifier, instead of looking at a picture of it with an 
eye-glass, is evident. We thus have a simple direct view, whereby we shall see more 
accurately and minutely the real texture of objects. 

DIAMOND TOOLS. 1. The Glazier^s diamond is the natural diamond, sosettbat 
<tfie of its edges is brought to bear on the glass. 

The extreme point of any diamond will scratcA glass, making a white sti^ak ; bmwhen 
the rounded edge of a diamond is slid over a sheet of glass with but slight pressure, 
it produces a cut, which is scarcely visible, bat which readily extends through the m^. 

Dr. Wollaston succeeded in giving to the ruby, topaz, and rock crystal^orms similar 
to tho^ of the diamond, and with those he succeeded in cutting glass ; proving that this 
useful property of the diamond depended on its form. Alihongh the primitive form 
of the diamond is that of a regular octahedron, the Duke de B^rnon has jmWisbed 
upwards of one hundred forms of crystallisjUion ofj^he diamond. The irregular o^a- 
hedrons with round facets are thc^e proper for glaxiere’ diamonds. ^ 

Notwithstanding the hardness of the ^amond, yet, in large glass woihs, as many M 
one and two dozens are worn out every week : from being cxHiAex, they beccnBC rsjpwy 
concave, and the catting power is lost. 

c4 
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2. Diamond drills are made of various shapes ; these are either found amongst im- 
perfect diamonds, or, are selected from fragments split off from good'Stones in their 
manufacture for jewelling. 

DIAPER is the name of a kind of cloth, used chiefly ^for table linen. It is knowi^ 
among the French by the name of toile fourri, and is ornamented with the most exten- 
sive figures of any kind of tweeled cloth, excepting damask. The mounting of a loom 
for working diaper is, in principle, much the same os a draw-loom, but the figures being 
less extensive, the mounting is more simple, and is wrought entirely by the weaver, 
without the aid of any other person. As tweeied cloths, of any^umber of leaves, are 
only interwoven at those intervals when one of the leaves is raised, the woof above and 
the warp below are kept floating or flushed, until the intersection takes place. Of con- 
sequence the floating yam above appears across the fabric, and that below longitudi- 
nally. This property of tweeled cloths is applied to form the ornamental figures of 
all kinds of tweeled goods, merely by reversing the floating yarn when necessary. In 
the simpler paiterns, this is effected by a few additional leaves of treddles ; but when 
the range of pattern becomes too great to render this conrenient, an apparatus called a 
back harness is employed, and the cloth woven with this mounting is called diaper. 
Diapers are generally five-leaf tweels, that is to say, every warp floats under four 
threads of woof, and is raised, and of course interwoven with the fifth. This is done 
either successively, forming diagonals at 45^ upon the cloth, or by intervals of two 
threads, which is called the broken tweel. The latter is generally, if not universally, 
adopted in the manufacture of diaper. The reason of preferring the broken to the 
regular tweel, where ornaments are to be formed, is very obvious. The whole depend- 
ing upon reversed flashing, to give the appearance of oblique or diagonal lines through 
either, would destroy much of the effect, and materially injure the beauty of the fabric. 
The broken tweel, on the contrary, restores to the tweeled cloth a great similarity of 
appearance to plain or alternately interwoven fabrics, and at the same time preserves 
the facility of producing ornaments by reversing the flushing. 

DIASTASE. A white and tasteless substance, obtained by moistening pounded 
malt, and squeezing the water through a bag. Albumen is precipitated from the turbid 
fluid by alcohol, and filtered. Then the diastase is precipitated by an additional quan- 
tity of alcohol, and purified by re-solution and re-precipitation. One part of diastase 
will convert 2000 parts of starch into dextrine, and 1000 parts into sugar. 

DICHROISM. The property of exhibiting two colours. Many of the phenomena 
belong to the conditions pr^ucing Fluorescence, which see. Some of the phetuo- 
mena have been referred to polarisation, but this requires examination. 

DIDYMIUM (Di). Ametal discovered by Mosandar, in 1841, in oxide of cerium, 
and so called as l^iog associated in that ore as a twin brother with lanthanum. 

The oxide of Didymium (DiO) is a dark brown powder ; the salts are pink, or rose, 
and amethyst or violet. 

DIES FUR STAMPING, (^Coins, Fr. ; Munzstampelny Germ.) The first circum- 
stance that claims particular attention in the manufacture of dies, is the selection of 
the best kind of steel for the purpose, and this must in some measure be left to the 
experience of the dic-forger, who, if well skilled in his art, will be able to forma tole- 
rably correct judgment of the fitness of the metal for the purpose, by the manner in 
which it works upon the anvil. It should be rather fine-grained than otherwise, and 
above all things perfectly even and uniform in its texture, and free from spots and 
patches finer or coarser than the general mass. But the very fine and uniform steel 
with a silky fracture, which is so much esteemed for some of the purposes of cutlery, 
is unfit for our present purpose, from the extreme facility with which it acquires great 
hardness by pressure, and its liability to cracks and flaws. The very cross-grained, or 
highly crystalline steel, is also equally objectionable ; it acquires fissures under the 
die-press, and seldom admits of being equally and properly hardened. The object, 
therefore, is to select a steel of a medium quality as to fineness of texture, not easily 
acted upon by dilute sulphuric acid, and exhibiting an uniform texture when its surface 
is washed over with a little aquafortis, by which its freedom from pins of iron, and 
other irregularities of composition, is sufficiently indicated. 

The best kind of steel being thus selected, and properly forged at a high heat into 
the rough dijg, it is softened by very careful annealing, and in that state, haviqg been 
smoothed externally, and brought to a table in the turning lathe, it is delivereoto the 
engraver. 

The process of annealing the die consists in heating it to a bright cherry red, 
and suffering it to cool gradually^ which is best effected by bedding it in a crucible 
or iron pot of coarsely -powdered charcoal. In this operation it is sometimes sup- 
posed that the die, or at least its superfic^l parts, becomes super-carbonised, or 
highly converted steely^as it is sometimes called; but experience does not justify 
such an opinion, and I believe the composition of the die is scarcely, certainly not 
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materially, affected by the process, for it does not remain long enough in the fire for 
k the purpose. • 

The engraver usually commences his labours by working out the device with small 
iteel tools in intaglio ; he rai|^ly begins in relief (though this is sometimes done) ; and 
liaving ultimately completed his design, and satisfied himself of its general effect and 
' correctness, by impressions in clay, and dabs, or casts in type metal, the die is ready 
for the important operation of hardening* which, from various causes, a few of which 
I shall enumerate, is a process of much risk and difficulty ; for should any accident 
now occur, the laboq£ of many months may be seriously injured, or even rendered 
quite useless. 

^'he process of hardening soft steel is in itself very simple, though not very easily 
explained upon mechanical or chemical principles. We know by experience, that it 
is a property of this highly valuable substance to become excessively hard, if heated 
and suddenly cooled ; if, therefore, we heat a bar of soft malleable and ductile steel red 
hot, and then suddenly quench it in a large quantity of cold water, it not only becomes 
hard, but fragile and brittle. But as a die is a mass of steel of considerable dlmeo* 
sioDS, this hardening is an operation attended by many and peculiar difficulties, more 
especially as we have at the same time to attend to the careful preservation of the 
engraving. This is effected by covering the engraved face of the die with a protecting 
face, composed of fixed oil of any kind, thickened with animal charcoal . some per- 
sons add pipe-clay, others use a pulp of garlic, but pure lamp-black and linseed oil 
answer the purpose perfectly. This is thinly spread upon the work of the die, which, 
if requisite, may be further defended by au iron ring ; the die is then placed with its 
face downwards in a crucible, and completely surrounded by animal charcoal. It is 
heated to a suitable temperature, that is, about cherry red, and in that state is taken 
out with proper tongs, and plunged into a body of cold water, of such magnitude as not 
to become materially increased in temperature ; here it is rapidly moved about, until 
all noise ceases, and then left in the water till quite cool. In this process it should 
produce a bubbling and hissing noise ; if it pipes and sings, we may generally appre- 
hend a crack or fissure. 

No process has been found to answer better than the above simple and common mode 
of hardening dies, though others have bad repeated and fair trials. It has been pro* 
posed to keep up currents and eddies of cold water in the hardening cistern, by means 
of delivery-pipes, coming ftom a height; and to subject the hot die, with its face 
uppermost, to a sudden and copious current of water, let fall upon it from a large pipe, 
supplied from a high reservoir ; but these means have not in any way proved more 
successful, either in saving the die, or in giving it any good qualities. It will be recol- 
lected, from the form of the die, that it is necessarily only, as it were, case-hardened, 
the hardest strata being outside, and the softer ones within, which envelope a core, 
something in the manner of the successive coats of ao onion ; an arrangement which 
we sometimes have an opportunity of seeing displayed in dies which have been smashed 
by a violent blow. 

The hardening having been effected, and the die being for the time safe, soafc far- ^ 
ther steps may be taken for its protection ; one of these consists in a very mud kind of 
tempering, produced by patting it into wiUer, gradually raised to the boiling point, 
till heated throughout, and then suffering it gr^ually to cool. This operation renders 
the die less apt to crack in very cold weather. A great safeguard is also obtained by 
thrusting the cold die into a red-hot iron ring, which just fits it in that state, and which, 
by contracting as it cools, keeps its parts together under considerable pressure, pre- 
venting the spreading of external cracks and fissures, and often enabling us to employ 
asplit or die for obtaining punches, which would break to pieces without the protecting 
ring. 

If the die has been successfully hardened, and the protecting paste has done its duty 
by preserving the face from all injury and oxidisement, or burning, as it is usually 
osUed, it is now to be cleaned and polished, and in this state constitutes what is 
technically called a matrix ; it may of course be used as a mulriplier of medals, coins, 
or impressions, but it is not generally thus employed, for fear of accidents happening 
to it in the coining press, and because the artist has seldom perfected his work upon 
it in this state, it is, therefore, resorted to for the purpose of fumishipg a punch, 
or ste3 impression for relief. For this purpose a proper block of steel is selected, of 
the same quality, and with the same precautions as before, and being carefully annealed, 
or softened, is turned like the matrix, perfecUy true and fiat at the hotter, and ob- 
tusely conical at In this state, its conical ^rface is carefidly compressed by 

powerful and proper machinery upon the matrix, which, being very hard, soon ^lows 
it to receive the commencement of an oppression ; but in thus receiving the 
sion, it becomes itself so hard by condensation of texture to reqmre dun^ 
^operation to be repeatedly annealed, or softened, otherwise it wtmld splU into iiMu 
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superficial fissures, or would injure the matrix; much practical skill is therefore re- 
quired in taking the impression, and the punch, at each annealing, i£ust be carefully 
protected, so that the work may not be injured. 

Thus, after repeated blows in the die-press, and freqiKnt annealing, the impressira 
from the matrix is at length perfected, or brought completely up, and having been 
retouched hy the engraver, is turned, hardened, and collared, like the matrix, of 
which it is now a complete impression in relief, and, as we have before said, is called a 
punch. 

This punch becomes an inexhaustible parent of dies, without/arther reference to the 
original matrix; for now hy impressing upon it plugs of soft steel, and by pursuing 
with them an exactly similar operation to that by which the punch itself was obtained, 
we procure impressions from it to any amount, which, of course are fac-similes of the 
matrix, and these dies being tamed, hardened, polished, and, if necessary, tempered, 
are employed for the purposes of coinage. 

The distinction between striking medals and common coin is very essential, and the 
work upon the dies is accordingly adjusted to each. Medals are usually in very high 
relief, and the effect is produced by a succession of blows ; and as the metal in which 
they are struck, be it gold, silver, or copper, acquires considerable hardness at each 
stroke of the press, they are repeatedly annealed during the process of bringing 
them up. In a beautiful medal, which Mr. Wyon executed for the Royal Naval 
College, the obverse represents the head of the King, in very bold relief ; it re- 
quired thirty blows of a very powerful press to complete the impression, and it was 
necessary to anneal each medal after every third blow, so that they went ten times into 
the fire for that purpose. In striking a coin or medal, the lateral spread of the metal, 
which otherwise would ooze out as it were from between the dies, is prevented by the 
application of a steel collar, accurately turned to the dimensions of the dies, and which, 
when left plain, gives to the edge of the piece a finished and polished appearance ; it is 
semetimes grooved, or milled, or otherwise ornamented, and occasionally lettered, in 
which case it Is made in three separate and movable pieces, confined by a ring, into 
which they are most accurately fitted, and so adjusted that the metal may be forced 
into the letters by its lateral spread, at the came time that the coin receives the blow 
of the screw- press. 

Coins are generally completed by one blow of the coining-press. These presses are 
worked in the Royal Mint by machinery, so contrived that they shall strike, upon an 
average, sixty blows in a minute ; the blank piece, previously properly prepared and 
annealed, being placed between the dies by part of the same mechanism. 

The number of pieces which may he struck by a pair of dies of good steel, pro- 
perly hardened and duly tempered, not unfrequently amounts at the Mint to between 
one and two hundred thousand ; but the average consumption of dies is of course much 
greater, owing to the variable qualities of steel, and to the casualties to which the dies 
are liable; thus, the upper and lower die are sometimes struck tog;ether, owing to 
an error in the layer-on, or in that part of the machinery which ought to put the blank 
into i?8 pjace, but which now and then fails so to do. This accident very commonly 
arises from the boy who superintends the press neglecting to feed the hopper of the 
layer-on with blank pieces. If a die is too hard, it is apt to break or split, and is es- 
pecially subject to fissures, which run from letter to letter upon the edge. If too soft, 
it swells, and the collar will uot rise and fall upon it, or it sinks in the centre, and the 
work becomes distorted and faulty. He, therefore, who supplies the dies for an exten- 
sive coinage, has many accidents and difficulties to encounter. There are eight presses 
at the Mint, frequently at work for ten hours each day, and the destruction of eight 
pair of dies per day (one pair for each press) may be considered a fair average result, 
though they much more frequently fall short of, than exceed this proportion. It must 
be remembered, that each press produces 3600 pieces per hour ; hut making allowance 
for occasional stoppages, we may reckon the daily produce of each press at 30,000 
pieces ; the eight presses, therefore, will furnish a diurnal average of 240,000 piecesi 

PIES, hardening of. See Steel, hardening of. 

DIGESTER is the name of a copper kettle or pot of small dimensions, made very 
strong, and mounted with a safety valve in its top. Papin, the contriver of this appa- 
ratus, used i^'for subjecting bones, cartilages, &c. to the solvent action of high-pressure 
steam, or highly heated water, whereby he proposed to facilitate their digestion in 
the stomach. This contrivance is the origin of the French cookery pans, called 
autoclaves^ because the lid is self-keyed, or becomes steam-tight by turning it round 
under clamps or ears at the sides, having been previously ground with emery to fit the 
edge of the pot exactly. In some autoclaves the lid is merely laid on with a fillet of 
linen as a lute, and then secured in its place means of a screw bearing down upon 
its centre from an archCd bar above. The safety valve is loaded either by a weight 
placed vertically upon it, or by a lever of the second kind pressing near its falcrum,^ 
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and acted upon by a weight which may be made to bear upon any point of its gra- 
duated arm. • 

Chevreul has made a useful application of the digester to vegetable analysis. His 
iistrument consists of a stroqg copper cylinder, into which enters a tight cylinder of 
silver, having its edge turned over at riglit angles to the axis of the cylinder, so as to 
form the rim of the digester. A segment of a copper sphere, also lined with silver, 
stops the aperture of the silver cylinder, being applied closely to its rim. It has a 
conical Valve pressed with a spiral spring, of any desired force, estimated by a steel- 
yard. This spring is ^closed within a brass box perforated with four holes ; which 
may be screwed into a tapped orifice in the top the digester. A tube screwed into 
and^er hole serves to conduct away the condensible vapours at pleasure into a 'W’oulfe*s 
apparatus. 

DIKE or DYKE. A wall like division in rocks, produced by the ejection oftrapean 
matter in a fused state from below, through the overlying strata. In many places 
those hard trap rocks stand out above the adjacent rocks, which have been worn 
away, presenting actually the appearance of a massive wall. 

DILATATION. The increase of size produced in bodies by the agency of heat. 
See Expansion. 

DILUVIUM. (Diluvium.') Deluge. Those accumulations of gravel and loose 
materials, which, by some geologists, are said to have been produced by the action of 
a diluvian wave or deluge, sweeping over the surface of the earth . — LyeH 

DIMITY is a kind of cloth cotton originally imported from India, and now manu- 
factured in great quantities in various parts of Britain, especially in Lancashire. Dr. 
Johnson calls it dimmity^ and describes it as a kind of f^tian. The distinction between 
fustian and dimity seems to be, that the former designates a common tweeled cotton 
cloth of a stout fabric, which receives no ornament in the loom, but is most frequently 
dyed after being woven. Dimity is also a stout cotton cloth, but not usually of so 
thick a texture ; and is ornamented in the loom, either with raised stripes or fancy 
figures : it is seldom dyed, but usually employed white, as for bed and bed-room furniture. 
The striped dimities are the most common, they require less labour in weaving than 
the others ; and the mounting of the loom being more simple, and consequently less 
expensive, they can be sold at much lower rates. 

DIOPTRIC LIGHTHOUSES. See Lighthocses. 

DIORITES. A trap or greenstone rock, in which albxte replaces orihockue. 
Diorites are abundant in the Vosges. 

DIP. When any stratum, mineral vein, or dike, does not lie horizontally it is said 
tod ip £. W. N. or S., as the case may he. The angle which it makes with the 
horizon is called the angle of the dip. 

DIPPEL’S ANIMAL OIL. A fetid volatile oil obtained when animal sub* 
stances, such as bone, are subjected to distillation. That which is found in commerce 
is obtained in tbe manufacture of bone-black. 

DIPPING. Ornamental works in brass are usually brightened by a process called 
dipping. After the work has been properly fitted together and the mue gemSved, 
cither by the action of heat, or by boiling in a pearl ash lye, it is pickled in a bath of 
dilute aqua fortis. It is then scoured bright with sand and water, and being well 
washed is plunged into the dipping bath, which consists of pure nitrous acid, 
commonly known as dijtping atfua fortie^ for an instant only, and is then well washed 
with cold and hot water to remove every trace of acid from the surface, after which 
the work is put into dry beech or box wood, sawdust, &c., well rubbed until it is quite 
dry, and then burnished and lackered with as little delay as possible. 

DISINFECTANT. A substance which removes the putrid or infected con- 
dition of bodies. It is well not to confound it with antiseptic, which applies to 
those bodies which prevent putrefaction. The word disinfectant has lately become 
somewhat uncertain in its meaning, on account of a word being used as its equiva- 
leat, viz. deodoriser. This latter means a substance which removes odours. In 
reality, however, there are no such substances known to us as a class. There are, 
of course, some substances which destroy certain others having an odour, but in all 
cases the removal of the smell and the destruction or neutralisation of the body must 
be sim^taneoiis. ^There is, however, a large class of substances that deatroy putre- 
faction, and the name disinfectant is therefore distinctly needed. The gases which 
rise from putrefying bodies are not all capable of being perceived by the senses in 
their ordinary condition, but sometimes they are perceived. A disinfectant a 
stop to them and deodorises simultaneously. If substance were to remove the 
smell of these gases, it would remove the gases too. as they are inseparaWe fKMH thefr 
property of affecting the nose. A deodor^r would therefore be, and is, a disinfectsHit 
of that gas the smell of which it removes. But it has beeiAugge^ed th^ H Wf 
remove those gases which smell, and allow the most deleteriom* pa^ havti^ 
uo smell. .Whenever we find such %c!ass of substances, it will be weM to giTO them 
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the Dame of deodorisers. There may be some truth in the hypothesis that metallic 
salts remove the sulphur, and by preventing the escape of sulphuretted hydrogen cause 
less odour, without complete disinfection. But it appears that the decomposition is 
a prevention of putrefaction in proportion to the rem(wal of that gas in cases whe^e 
it is given out, and it is quite certain that metallic solutions have disinfecting proper- 
ties. Any section having the effect here supposed would at the least be a partial 
disinfectant, inasmuch as the decomposition would be so far put a stop to, as to prevent 
at least one obnoxious gas. How the others could remain unacted on in this case it is 
difficult to comprehend. To prevent the formation of one ^as is to arrest decom- 
position or to alter the whole character of the change which is producing the 
gases. The most deleterious of emanations have no smell at all to the ordfLary 
senses, and we can only judge of the evil by its results, or the fact that the sub- 
stances capable of producing it are near, or by the analysis of the air. (See Sani- 
tary Arrangements.) The casesjvhere sulphuretted hydrogen accompanies the 
offensive matter, are chiefly connected with fscal decomposition. This gas is a 
useful indication of the presence of other substances. So far as is known, the des- 
truction of the one causes the destruction of the other. But the presence of sul- 
phuretted hydrogen is no proof of the presence of infectious matter, nor is its absence 
a proof of the absence of infectious matter, it being only an occasional accompaniment 
\^en the infectious matter and the odoriferous matter are one, as in the case, as far 
as we know, of putrid flesh, &c., then to deodorise is to disinfect We can find then 
no line of duty to be performed by deodorisers, and no class of bodies that can bear 
the name, although there may be a few cases where the word may be found convenient 
If, for example, we destroy one smell by superadding a greater, that might in one 
sense be a deodorising. If we added an aetd metallic salt, and removed the sulphu* 
retted hydrogen, letting loose those organic vapours which for awhile accompany 
this act, we might, to those who were not very near, completely destroy smell, and 
still send a substance into the air by no means wholesome \ but in such a case decom- 
position is stopped, at least for a while. The smelling stage is by no means the most 
dangerous, nor has the use of the word deodorise any relation to sanitary matters, 
except in the grossest sense ; it is desirable that persons should look ffir beyond 
the mere indications furnished by the nose, and as in science we can find no deodo- 
risers, so in practice we need not look for any in the sense usually given to the word. 
The word may be used for such substances as remove the odour and the putrefaction 
of the moment, but allow them to begin again. Even in this case deodorisers become 
temporary disinfectants, which character all removers of smell must more or less 
have. 

Antiseptics^ or colytlc agents. Substances which prevent decomposition. The words 
colysis and colytic come from kwAiw, to arresty restrainy cut short. This word was proposed 
by the writer to apply to cases such as are included under antiseptics, antiferments, 
and similar words. There was needed a word for the general idea. A colytic force 
manifests itself towards living persons in anaesthetics, anodynes, and narcotics, as well 
proCably, as in other ways. Colytics may probably act from different causes, but these 
causes not being separately distinguished, a name for the whole class can alone be 
given. The action of colysis is entirely opposed to catalysisy which is a loosening up 
of a compound. Colysis arrests catalysis, as well also as other processes of decompo- 
sition, ordinary oxidation for example. Disinfectants; in their character of restraining 
further decomposition, are included under colytics. One of the most remarkable sub- 
stances for arresting decomposition is kreasote. It has been used in some condition or 
mixture from the earliest times. The ancient oil of cedar has been called with good 
reason turpentine, which has strong disinfecting properties, but the word has evidently 
been used in many senses, as there are many liquids to be obtained from cedar. It is used 
for the first liquid from the distillation of wood; and Berxelius for that reason says 
that the Egyptians used the pyroligneous acid, which, cont^ing some kreasote, was 
a great antiseptic. But a mixture of this acid with soda would be of little value in 
embalming, nor is it probable that they would add a volatile liquid like turpentine 
along with caustic soda. It is expressly said (in Pliny) that the pitch was reboiled, 
or, in other words, the tar was boiled and distilled, the product being collected in the 
wool of flexes, from which again it was removed by pressure. ^In doing ^his the 
light oils or naphtha would be evaporated, and the heavy oil of tar, containing 
the carbolic acid, or kreasote, would remain. It was called picenom, as if made 
of pitch or pissenum, and pisselaeum or pitch oil, a more appropriate name than that 
of Bunge’s carbolic acid or coal-oil, and still more appropriate than the most recent, 
whichj by following up a theory fhas converted it into phenic acid. The distillation 
was made in copper vessels, and must hav^ been carried very far, as they obtained 
“a reddish pitch, very clammy, and much fatter than other pitch.” This was the 
anthracene, chrysene, and pyrene of modem chemistry. The remaining bard pitch 
was called palimpissa, or second pitch, which we call pitch in contrj^distinction 
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to tar. By the second pitch, however, was sometimes meant the product of distillation 
, instead of what i^as left in the still. Some confusion therefore exists in the names, 
hut not more than with us. The pitch oil was resinous fat, and of yellow colour, 
a^ording to some. This ontaining hreasote, was used for toothache — a colytic 
action applied to living bodies — - and for skin diseases of cattle, for which it is 
found valuable. They also used it for preserving hams. — DisinfectaniSf' by Oie 
Writer. Jour. Soc. of Arts, 1857.) 

It is quite possible that kreasote may be the chief agent in most empyreumatic 
substances which act ^ antiseptics. But it is not the only agent Hydrocarbons of 
various kinds act as antiseptics, as well as alcohol and methylic alcohol, which contain 
littlf oxygen. To this class belong essential oils and substances termed perfumes, 
which are used for fumigation, and have also a powerful colytic action. It is 
exceedingly probable that the true theory of this action is connected with the want 
of oxygen. These substances do not rapidly o|^idise, but, on the contrary, only very 
slowly, and that chiefly by the aid of other bodies. Their atoms are, therefore, in 
a state of tension, ready to unite when assisted. As an example, carbolic acid and 
kreasote unite with oxygen when a base is present, and form rosolic acid. We can 
scarcely suppose that an explanation, commonly resorted to in the case of sulphurous 
acid, would suit them; viz., that it takes up the oxygen, and so keeps it from the 
putrescible substance. It is, therefore, much more likely that its coudition acts on 
the putrescible body. For, as the state of motion of a putrefying substance is trans- 
ferred to another, so is the state of immobility. ^ 

In. 1750 Sir John Pringle wrote his ‘‘Experiments on Septic and Antiseptic 
Substances, with remarks relating to their Use in the Theory of Medicine.” He 
recommended salts of various kinds, and astringent and gummy parts of vegetables 
and fermenting liquors. Dr. Macbride followed him with numerous experiments. 
He speaks of acids being the long prescribed agents as antiseptics. He found them 
antiseptic even when diluted to a great extent. Alkalies also he found antiseptic, 
and salts in general. Also “ gum-resins, such as myrrh, asafcetida, aloes, and terra 
japonica,” besides ** decoctions of Virginia snake-root, pepper, ginger, saffron, con- 
trayerva root, sage, valerian root, and rhubarb, with mint, angelica, senna, and 
common wormwood.” Many of the common vegetables also were included as to 
some extent antiseptic ; such as horse-radish, mustard, carrots, turnips, garlic, onions, 
celery, cabbage, colewort. Lime was found to prevent, but hot to remove putrefac- 
tion. We are inclined at present very much to qualify some of these observations. 
Animal fluids, be observes, will remain for a long time without putridity if kept 
from the sir. He says that astringent mineral acids and ardent spirits “ not only 
absorb the matter from the putrescent substances, but likewise crisp up its fibres, and 
thereby render it so bard and durable that no change of combination will take place 
for many years.” He adds also molasses to the antiseptics. In 1767 the academy of 
Dijon gave a prize for the use of nitrate of potash in ventilation. This may have given 
the first idea to Carmichael Smyth. Guytou-Morveau came later with a volume of 
valuable experients on acids. • 

An antiseptic preserves from putrefactioo, but does not necessarily remove {be odour 
caused by that which has previously putrefied. Many of the substances described as 
disinfectants here, might equally be called antiseptics. When they remove the putrid 
matter they are disinfectants, when they prevent decomposition they are antiseptics. 
But when the smell is removed by a substance which is known to destroy putrefactive 
decomposition, and to preserve organic matter entire, then we have the most tboroagh 
disinfection ; then we know that the removal of the smell is merely an indication of the 
removal of the evil. 

Disinfectants are of various kinds. Nature seems to use soil as one of the most 
active. All the dejecta of the animals on the surface of the earth fall on the soil, 
and are rapidly made perfectly innoxious. Absorption distinguishes porous bodies, 
aq4 soil h^ peculiar facilities for the purpose. But if saturated, it could disin- 
fect no longer. This is not allowed to occur ; the soil absorbs air also, and oxidises the 
organic matter which it has received into its pores, and the offensive matter is by this 
memis either converted into food for plants, or is made an innocent ingredient of the air, 
or, if Ae weather* be moist, of the water. The air is therefore, in conjqjiction with 
the soil^one of the greatest disinfectants, but it acts also quite alone and independent of 
the soil. Its power of oxidising must be very great The amount of organic effluvium 
sent into large towns is remarkable, and yet it seldom accumulates so as to be 
strongly perceptible to the senses. The air oxidises it almost as rapi^y as it rises ; 
this is hastened apparently by the peculiar agent in the air, ozone,* which bu a 
greater capacity of oxidation than the ^mmon air; when this is exhausted it a 
highly probable that the oxidation will be much slower, an# this exhau^iem does 
take place in a very short time. So rapid is the oxidation, that ^ wiad, ttcB 
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blowing at the rate of about fifteen to twenty miles an hour, is entirely deprived of 
its ozone by passing over less than a mile of Manchester. In London this does not 
take place so rapidly, at least near the Thames. But when the ozone is removed, it is 
probable that the rate of increase of the organic matt^ will be much greater. Vfe 
may by this means, then, readily gauge the condition of a town up to a certain point 
by the removal of the ozone : but it requires another agent to gauge it afterwards or 
thoroughly. It is in connection with each other that the air and the soil best dis- 
infect. "V^en manure is thrown upon land without mixing with the soil, it may 
require a very long period to obtain thorough disinfection, but when the atmosphere 
is moist, or rain falls, then the air is rapidly transferred into every portion of the 
porous earth, and the organic matter becomes rapidly oxidised. To prevent a 
smell of manure, and with it also the loss of ammonia, it is then needful that as soon 
as possible the manure should he mixed with the soil. The same power of oxidation 
is common to all porous bodies, to charcoal, and especially, as l)r. Stenhouse has 
shown, to platinised charcoaL Disinfection by the use of porous bodies is not a pro- 
cess of preservation, hut of slow destruction. It is an oxidation in which all the 
escaping gases are so thoroughly oxidised, that none of them have any smell or any 
offensive property. But being so, the body disinfected must necessarily decay, and 
in reality the process of decay is remarkably increased. All such bodies must there- 
fore be avoided when manures are to be disinfected, as the valuable ingredients are 
destroyed instead of being preserved. Stenhouse has employed charcoal for disin- 
fecting the air. The air is passed through the charcoal either on a large scale for a 
hospital or on a small scale as a respirator for the mouth. Care must be taken, how- 
ever, to keep the charcoal dry: wet charcoal is not capable of absorbing air until that 
air is dissolved in the water. This solution takes place less rapidly in water. Wet 
charcoal is therefore a filter for fluids chiefly, and dry charcoal for vapours. Its destruc- 
tive action on manures will, however, always prevent charcoal from being much used 
as a disinfectant for such purposes, or, indeed, any other substance which acts principally 
by its porosity or by oxidation. This the soil does only partially, as it has another 
power, viz. that of retaining organic substances fit to be the food of plants. Although 
air acts partly in conjunction with the soil and the rain to cause disinfection, and partly 
by its own power, it also acts mechanically as a memis of removing all noxious vapours. 
The wind and other currents of the air are continually ventilating the ground, and when 
these movements are not sjifficiently rapid, or when they are interrupted by our mode 
of building, we are compelled to cause them artificially, and thus we arrive at the 
art of ventilation. The addition of one tenth of a per cent, of carbonic acid to the 
air may he perceived, at least if accompanied with the amount of organic matter 
usually given out at the same time in the breath, and as we exhale in a day 20 
cubic feet of carbonic acid, we can injure the quality of 20,000 cubic feet of air in 
that time. The great value of a constant change of air is therefore readily proved, 
and the instinctive love which we have of fresh air is a sufficient corroboration. 

Cold is a great natural disinfectant. The flesh of animals may be preserved as far 
as we know for thousands of years in ice ; putrefying emanations are completely 
arrested by freezing, but the mobility of the particles, or chemical action, is also 
retarded by a degree of cold much less than freezing. ' 

Heat is also a disinfectant, when it rises to about 140^ of Fahrenheit, according to 
Dr. Henry. But as a means of producing dryness it is a disinfectant at various 
temperatures. Nothing which is perfectly dry can undergo putrefaction. On the other 
hand heat with moisture below 140° is a condition very highly productive of decom- 
position and all its resulting evils. Disinfection by heat is used at quarantine stations. 
Light is undoubtedly a greatdismfectant; so faras weknow, itacts by hastening che- 
mical decomposition. In all cases of ventihition, it is essential to allow the rays of light 
to enter with the currents of air. Its effect on the vitality of the human being is abun- 
dantly proved, and is continually asserting itself in vegetation. The true disinfecting 
property of light exists in all probability in the chemical rays which cause compo- 
sitions and decompositions. Water, however, is of all natural disinfectants the most 
m.i: rs-Ti I-.nr.i tl.' -r := no one capable oftaking its place actively. Wherever animals 
i V, II i ,.!n:sri .ne. there are emanations of organic matter, even from the purest. 

'1 he whole^ipartace of the house, furniture, floor, and walls, beconws* c<^ted by^degrees 
with a thin covering, and this gradually decomposes, and gives off unpleasant vapours. 
Sometimes it becomes planted with fungi, and so feeds plants of this kind. But long 
before this occurs a small amount of vapour is given off sufficiently disagreeable to 
affect the senses, and sometimes Reeling the spirits and the health before the senses 
distinctly perceive it. This muse be removed. In m<»t cases this film is removed by 
water, and we have the ordinary result of household cleanliness ; but in other cases 
when the furniture is fTich as will be injured by water, the removal is made by friction 
or by oil or turpentine, and other substances used to polish. Water as a disinfectant 
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is used also in washing of clothes, for this purpose nothing whatever can supply its 
place, although ^ requires the assistance both of soap and friction, or agitation and 
heat. Water is also used as a mechanical agent for removing filth, and the method 
which Hercules devised of us^ng a river to wash away filth, is now adopted in all the 
most advanced plans of cleansing towns. It is only by means of water that the refuse 
of towns can be conveyed away in covered and impervious passages, whilst none what- 
ever is allowed to remain in the town itself. In cases where this cannot be done, it 
is much to be desired that some disinfecting agent should be used to prevent decom* 
position. Where water is not used, as in water-closets, there must of course be a great 
amount of matter stordS up in middens, and the town is of course continually exposed 
to the effluvia. Besides these methods of acting, water disinfects partly by preventing 
effluvia from arising from bodies, simply because it keeps them in solution. This 
action is not a perfect one, but one of great value. The water gives off the impurity 
slowly, sometimes so slowly as to be of no injury, or it keeps it so long that complete 
oxidation taltes place. The oxygen for this purposaos supplied by the air, which the 
water absorbs without ceasing. To act in this way, water must be delivered in 
abundance j when only existing as a moisture, ■<^ater may act as a great opponent 
to disinfection by rising up in vapour loaded with the products of decomposition. 

Mere drying is known to arrest decay, as the mobility of the particles in decompo- 
sition is stayed by the want of water. We are told in Andersson’s travels in S. Africa, 
that the Damaras cut their meat into .strips, and dry it in the sun, by which means it is 
preserved fresh. A similar custom is found in S. America. Certain days prevent 
this, and decomposition sets In rapidly. A little overclouding of the sky, or a little 
more moisture in the air, quickly stops the process. 

The above may be called natural disinfectants, or imitations of natural processes, 
charcoal being introduced as an example of a more decided character of porous action. 
They show both mechanical and chemical action. The mechanical, when water or air 
removes, dilutes, or covers the septic bodies : the chemical, when porous bodies act as 
conveyers of oxygen ; or an union of both, when cold and heat prevent the mobility of 
the particles. The action by oxidation causes a destruction of the offensive material. 
The other method is antiseptic. It is much to be desired that all impurities should be 
got rid of by some of these methods, but especially by the air, the water, and the soil. 
There are, however, conditions in which difficulties interfere with the action. Large 
towns may be purified by water, but what is to be done with the water which contains 
all the impurity? If put upon land, it is very soon disinfected, but on its way to the 
land it may do much mischief. It has been proposed to disinfect it on its passage, 
and even in the sewers themselves ; by this means the town itself is freed from tlie 
nuisance, and the water may be used where it is needed without fear. This intro- 
duces artificial disinfectants. There are other cases where such are required ; when 
the refuse matter of a town is allowed to lie either in exposed or in underground 
receptacles; in this case a town is exposed to an immense surface of impurity, and 
disinfectants would greatly diminish the evil, if not entirely remove it. There are 
besides, special cases without end continually occurring, where impurities canODt be 
at once removed, and where treatment with artificial disinfectants is required? 

Artificial disinfectants which destroy the compound, are of various kinds. Fire is 
one of the most powerful. A putrid body, when heated so as to be deprived of all 
volatile particles, cannot any longer decompose. It is however possible that the 
vapours may become putrid, and if not carefully treated, this will happen. It was the 
custom of some of the wealthy among the ancients to burn the dead, and it is still the 
custom in India; but although the form is kept up amongst all classes, the expense is 
too great for the poor. The bodies are singed, or even less touched by tire, and 
thrown if possible into the river. This process has been recommended here, but the 
quality of the gaseous matter rising from a dead body, is most disgusting to our 
physical, and still more to our moral senses, and the amount is enormous. It is of 
c^rse possible so to bum it, that only pure carbonic acid, water, and nitrogen, 
shall escape, but the probability of preventing all escape is small enough to be deemed 
an impossibility, and the escape of one per cent would cause a rising of the whole 
neighbourhood. To effect the combustion of the dead of a great city, such a large work, 
furnished with gr&t and powerful furnaces, would be required, that it w^ld add one 
of the ftost frightful blots to modem civilisation, instead of the calm and peaceful 
churchyard where our bones are preserved as long at least as those who care for us live, 
and then graduMly return to the earth. In burning the dead some prefer to bum 
the whole body to pore ash. This was the ancient method; but it is highly j|Mx>bable 
that the ashes which they obtained were a delusio^ in most cases. The amount of 
ash found in the urns, is often extremely sraalL The body cannot be reduced to an 
infinitesimal ash, as is sap|M>sed; eight to tWive pounds of matfiv remain ftxwa aaavet^ 
age mmi when ail is over. A second plan, is to drive off ail volatile and faatn 
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a cinder. This disgusting plan leaves the body black and incorruptible. It can never, 
in any time known to ns, mix with its mother earth, and yet fteases at once to 
resemble humanity in the slightest degree; it will not even for a long time assist us 
by adding its composition to the fertility of the soil. burning of bodies nev^ 

could have been general, and never can be general. Fire has only a limited use as a 
disinfectant. It cannot be used in the daily disinfection of the dejecta of animals, and 
is applied only occasionally, where the most rapid destruction is the most desirable, either 
because the substance has no value, or it is too disgusting to exist, or the products after 
burning are not offensive. There are two methods of using fire, charring or burning 
to ashes. The second is an act of 

Oxidation , — This is effected either by rapid combustion called fire ; by slow d^m- 
bustion, the natural action of the air ; or by chemical agency, sometimes assisted by 
mechanical Slow oxidation in the soil is a process which is desirable in every re- 
spect, and it would be well if we could bring all offensive matter into this condition; 
the ammonia is preserved, or it is in part oxidised into nitric acid and water, both 
the ammonia and nitric acid being food for plants. Sometimes this process is hastened 
by mixing up the manure with alkaline substances, raising it in heaps, and watering, 
by this means forming nitrates, a process performed abundantly in warm countries 
upon the materials of plants and animals, and imitated even in temperate regions with 
success. This amount of oxidation destroys a good deal of the carbonaceous substances, 
and leaves less for the land. It is only valuable when saltpetre is to be prepared. 

One of the most thorough methods of oxidation, is by the use of the manganates or 
permanganates. They transfer their oxygen to organic substances with great rapidity, 
and completely destroy them. They are therefore complete disinfectants. They 
destroy the odour of putrid matter rapidly, and oxidise sulphuretted hydrogen, and 
phosphuretted hydrogen, as well as purely organic substances. As they do this by 
oxidation at a low temperature, they are the mildest form of the destructive disinfec- 
tants, and their application to putrid liquids of every kind will give most satisfactory 
results. The quantities treated at a time should not be great, and the amount of 
material used must be only to the point of stopping the smell, or at least not much 
more, because both pure and impnre matter act on the manganates, and an enormous 
amount of the material may be used in destroying that which is not at all offensive. 
The manganates do not prevent decay from beginning again. Their use has been 
patented by Mr. Condy. A similar action takes place with various high oxides and 
other oxides which are not high. Sometimes, however, a deleterious gas is produced 
as a secondary result by oxidation, as when sulphuric acid in the sulphates oxidises 
organic matter, allowing sulphuretted hydrogen to escape. In this case it is highly 
probable that a true disiofection takes place, or a destruction of the putrid substance, 
and all offensive purely organic substances; still the amount of sulphuretted hydrogen 
given off, is of itself sufficiently offensive and deleterious, although not properly 
speaking an infectious or putrid gas, but an occasional accompaniment. 

Nitric acid is another agent of destruction or oxidation, although it has qualities 
whiiSh might cause it to be ranked amongst those which prevent the decomposition by 
entering into new combinations. But properly speaking, it is not nitric acid which is 
the disinfectant of Carmichael Smyth, but nitric oxide, which is a powerful oxidiser, 
and most rapidly destroys organic matter. For very bad cases, in which gaseous 
fumigation is applicable, nothing can be more rapid and effective in its action than 
this gas. Care most be taken ^lat ffiere is no one present to breathe it, as it has a 
powerful action on tiie longs, and care must be taken that metallic surfaces which are 
to be preserved clean, be well covered with a coating of varnish. This was used with 
great effect in ships and hospitals for some years, beginning with 1780, and so much 
good did it do, that the Parliament in 1802 voted Dr. C. Smyth a pension for it. 
Guyton-Morveau was vexed at this, and wrote an interesting volume concerning his 
mode of fumigating by acids; but in reality acids alone are insufficient, and his fa- 
vourite muriatic acid has no such effect as nitrous fumes, which so readily part wnh 
their oxygen. 

Chlorine is another destructive agent, and its peculiar action may be called an 
oxidation. When used as a gas, it has a great power of penetration, ^like nitrous fumes, 
and stops ail putrefaction. It has a more actively destructive power than /)xygen 
alone, even when its action is that of oxidation only. It decomposes compounds of 
ammonia into water and nitrogen, aod as putrefactive matter is united with, or com- 
posed partly of nitrogen, it destroys the very germ of the evil By the same power 
it destroys the most expensive pqjt of a manure, the ammonia. It cannot therefore 
be used where the offensive matter is to be retained for manure. When chlorine is 
united with lime or soda, it may be used either as a powder in the first case, or as a 
liquid in either case, ^or direct application to the offensive substances a solution 
is used, or the powder. This latter acts exactly as the gaseous ebiorine, hut tbe^ 
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power of destroying ammonia is greater. As a liquid, it acts too rapidly; as a solid, 
• the chloride of lime soon attracts moisture, and soon loses its power, ^me people 
use the chloride of lime as a source of chlorine; they pour sulphuric acid on it, and so 
cftuse it to give out chlorine, ^hich escapes as a gas, and acts as aforesaid. This has 
not been found agreeable, or indeed more than partially useful. Too much is given 
out at first, too little at last It is said to have increased the lung diseases at hospitals, 
where it was much used in Paris. When only a minute quantity of gas is given out, 
as at bleach works, it certainly causes a peculiar freshness of feeling, and the appear- 
ance of the people is m*«h in its favour, nor has it ever there been known to affect the 
lun|^s. For violent action, in cases of great impurity, it is a great disinfectant, and to 
he preferred to nitrous fumes, probably causing a less powerful action on the lungs. 
Eau dejavelle is a chloride of potash used in Paris. Sometimes oxygen, or at least 
air, is used alone, to remove both colour and smell, oils haring it pumped into them. 
Sometimes acids alone are used for disinfection. As putrid compounds contain am- 
monia or organic bases, they may be removed, or at least they may be retained in 
combination, and in this way restrained from further evaporation. This stems to 
be the way in which muriatic acid acts, and all other merely acid agents. This acid, 
so much valued at one time, is now entirely disused, as it ought to be, because it is ex- 
ceedingly disagreeable to breathe, and destructive of nearly all useful substances which 
it touches, being at the same time a very indirect disinfectant. Acids poured on putrid 
matters, no doubt destroy the true putrefaction, but they cause the evolution of gases 
exceedingly nauseous, and of course unwholesome. This evolution does not last long, 
but long enough to make them useless as disinfectants when used so strong. Vinegar 
is the best of the purely acid disinfectants ; wood vinegar the best of the vinegars, 
because it unites to the acidity a little kreasote. Vinegar is a very old and well 
established agent ; it has been used in the case of plague and various pestilences from 
time immemorial. It is used to preserve eatables of various kinds. For fumigation 
no acid vapour used is pleasant except vinegar, and in cases where the impurity is 
not of the most violent kind, it may be used with great advantage. Even this how- 
ever acts on some bright surfaces, a disadvantage attending most fumigations. 

Sulphurous acid, or the fumes of burning sulphur, may be treated under this head, 
although in reality it docs not act as a mere acid combining with a base and doing no 
more. It certainly unites with bases so that it has the advantage of an acid, but it 
also decomposes by precipitating its sulphur, as when it meets sulphuretted hydrogen. 
It therefore acts as an oxidiser in some cases, but it is generally believed, from its 
desire to obtain oxygen, that it acts by being oxidised, thus showing the peculiar 
characteristics of a deoxidisor. We can certainly believe that bodies may be disin- 
fected both by oxidation and deoxidation. The solutions of sulphurous acid act as a 
restraint on oxidation, and preserve like vinegar. Its compounds with bases, such 
as its salts of soda, potash, &c., preserve also like vinegar, saltpetre, &c. ; probably 
from their affinity for oxygen, taking what comes into the liquid before the organic 
matter can obtain it. Hut it is not probable that this rivalry exists to a great extent; 
the presence of the sulphurous acid in all probability puts some of the particle^of oxy- 
gen in the organic matter in a state of tension or inclination to combine with it, so 
that the tension of the particles which are inclined to combine with the oxygen of the 
air is removed. 

Sulphurfumes are amount the most ancient disinfectants held sacred in early times 
from their wonderful efficacy, and still surpassed by none. With sulphur the shepherd 
purified or disinfected his flocks, and with sulphur Ulysses disinfected the suitors which 
he had slain in his house. No acid fumigation is less injurious generally, vinegar ex- 
cepted, to the lungs or furniture, and its great efficiency marks it out as the most desirable, 
although much laid aside in modem times. The amount arising from burning coal 
must have a great effect in disinfecting the ptitrid air of our streets, and rendering 
coal-bnming towns in some respects less unpleasant ; this is one of the advantages 
whteh that substance brings along with it, besides, itmust be confessed, greater evils. 
It is curious tbat this compound of sulphur should be one of the most efficient agents 
in destroying sulphuretted hydrogen, another compound of sulphur. Sulphurous acid 
prevents decomposition, and also preserves the valuable principle of a manure, so that 
it belongn partly to the class of disinfectants, and partly to antiseptics. 

^ The peculiar actions of sulphurous acid and kreasote have been united in that call^ 
“ McDougairs Disinfecting Powder.” Since in towns and farms, when disinfectaats 
are used, it Is desirable not to use liquids, these two have been united into a powder, 
which assists also in removing moisture, as water is ilten a great cause of discomfort 
and disease in stables and cowhouses. When they are used in this mmmer the aci^ 
are united with lime and magnesia. When the floors of 8tab|^ are tcatded whhtho 
powder, it becomes mixed with the manure, which does not lose ammonia, and ta lopnd 
sa^rws^s mneh more valnable for land. The cattle are also freed frvmx ft 
You 11. • • D 
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amount of illness, becatise the air of the stable is purified. When fs^es of any kind 
cannot be at once removed by water, as by the water-closet system, use of this is 
invaluable ; but it is well to know that the instant removal of impurity by water, is 
generally best for houses, however difficult the after problem may be when the river ^ 
polluted. In stables and cowhouses this is not the case, and it is then that a disinfecting 
powder becomes so valuable, although it is true that so many towns are unfortunately 
BO badly supplied with water-closets that disinfectants are still much wanted for the 
middens. 

The inventors have proposed to disinfect sewers, as well m sewage, by the same 
substances ; not, however, in the state of a powder. They apply the acids to^the 
sewage water in the sewers themselves, and so cause the impure water to pass disin- 
fected through the town ; by this means the towns and sewers are purified together. 
When the sewage water is taken out of the town it can he dealt with either by preci- 
pitation or otherwise. As it will cease to be a nuisance, covered passages for it will 
not require to be made. 

Ijime is used for precipitating sewage water, and acts as a disinfectant as far as the 
removal of the precipitate extends, and also by absorbing sulphuretted hydrogen, 
which, however, it allows again to pass off gradually. The other substances proposed 
for sewers have chiefly relation to the precipitation, and do not so readily come under 
this article. Charcoal has been mentioned ; alum has been proposed, and it cer- 
tainly does act as a disinfectant and precipitant. None of these substances have been 
tried on a great scale excepting lime. An account of the Leicester experiment, by lime 
will come under the article Sewage. 

Absence of air is an antiseptic of great value. The process of preserving meat, 
called Appert’s process, is by putting it in tin vessels with water, boiling off a good 
deal of steam, to drive out the air, and then closing the aperture with solder. 
Schroeder and De Dusch prevented putrefaction for months by allowing no air to 
approach the meat without passing through cotton \ so also veils are found to be a 
protection agunst some miasmas. Salts, or compounds of acids with bases, are 
valuable antiseptics ; some of them are also disinfectants, that is, they remove the 
state of putrefaction after it has begun. An antiseptic prevents it, but does not neces- 
sarily remove it. Common salt is well known as a preserver of flesh ; nitrate of 
potash, or saltpetre, is a still more powerful one. Some of th^e^ts act in a manner 
not noticed when treating of the preceding substances, viz. by removing the water. 
Meat, treated with these salts, gives out its moisture, and a strong solution of 
brine is formed. Chloride of calcium prevents, to some extent, the putrefaction of 
wood. Alum, or the stilphate of alumina, is not a very efficient preserver ; hut 
chloride of aluminum seems to have been found more valuable. It is sometimes 
injected into animals by the carotid artery and jugular vein.*' Meat, usually keeps a 
fortnight; if well packed, cleaned, and washed with a solution of chloride of alu- 
minum, it will keep three months. 

B^it in reality the salts of the heavier metals are of more activity as disinfectants. 
It h.as been supposed that their efficiency arose from their inclination to unite with 
sulphur and phosphorus, and there is no doubt that this is one of their valuable 
properties, by which they are capable of removing a large portion of the impure 
smell of bodies ; but they have also an inclination to combine with organic substances, 
and by this means they prevent them from undergoing the changes to which they are 
most prone. The actual relative value of solutions it is not easy to telL Most expe- 
riments have been made on solutions not sufficiently definite in quantity. Salts of 
mercury have been found highly antiseptic. Such a salt is used for preserving wood ; 
the process is known as that of Kyan’s, or kyanising. A solution of corrosive subli- 
mate, containing about per cent, of the salt, is pressed into the wood either by a 
forcing pump or by means of a vacuum. The albumen is the substance most apt to 
go into putrefaction, and when in that condition it conveys the action to the wood. It 
i> no doubt by its action on the albumen that the mercury chiefly acts. Thin piece*? of 
pine wood, saturated for four weeks in a solution of 1 to 25 water, with the following 
salts, were found, after two years, to be preserved in this order: — 1. Wood alone, 
brown and crumbling. 2. Alum, like No. 1, 3. Sulphate of manganese, like 1. 
4. Chloride of zinc, like 1. 5. Nitrate of lead, somewhat firmer. 6, Si^lphate of 

copper, less brown, firm. 7. Corrosive sublimate, reddish yellow and still firmer. 
In an experiment, in which linen was buried with similar salts, the linen was quite 
consumed, even the specimen with corrosive sublimate. Other experiments showed 
salts of copper and mercury to protect best. — Gmelin, 

Nevertheless, all these metallic salts are found true preservers under other condi- 
tions. Chloride of manganese, a suhstanca frequently thrown away, may be used, as 
Gay-Lussac and Mr. Toung have shown, with great advantage, and Mr. Boucherie has 
shown the value of the acetate of iron. Mr. Boucherie’s process is very pecnliaf* 
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He feeds the Uee, when living, with the acetate of iron, hy pouring it into a trough 
dug around the root. The tree, when cut down, has its pores filled with the salt, and 
JJie albumen in the sap is prejfented from decomposing. For preservation of vegetable 
and animal substances, see Putrefactiok, Prevention of. 

The chloride of zinc of Sir William Burnett is also a valuable disinfectant, and has 
more power than it would seem to possess from the experiments quot^ above. 
Wood, cords, and canvass have been preserved by it under water for many years. It 
has the advantage also of being so soluble as to take up less room than most other 
salts, although liquids *^re inconvenient as disinfectants in many places. 

Jilitrate of lead is a disinfectant of a similar kind ; it lays hold of sulphur, and the 
base unites with organic compounds. All these metals are too expensive for general 
use, and can only be applied to the preservation of valuable materials. Even iron is 
much too dear to he used as a disinfectant for materials to be thrown on the fields 
as manure. All are apt to be very acid, a state to be avoided in a disinfectant, 
unless when it is applied to substances in a very dilute state, or in an active putrid 
state, and giving out ammonia. — R. A.S. 

See also Sanitary Arrangements. 

DISTILLATION. Distillation consists in the conversion of any substance into 
vapour, in a vessel so arranged that the vapours are condensed again and collected in 
a vessel apart. 

The word is derived from the Latin dis and I drop, meaning originally to 

drop or fall in drops, and is very applicable to the process, since the condensation 
generally takes place dropwise. 

It is distinguished from sublimation by the confinement of the latter term to cases 
of distillation in which the product is solid, or, in &ct, where a solid is vaporised and 
condensed without visible liquefaction. 

The operation may simply consi-^t in raising the temperature of a mixture snflS- 
ciently to evaporate the volatile ingredients ; or it may involve the decomposition of 
the substance heated, and the condensation of the products of decomposition, when it 
h destructive (fistdlation; in most cases of destructive distillation the bodies 

operated upon are solid, and the products liquid or gaseous ; it is then called dry di$^ 
iiUation, 

In consequence of Hie diversity of temperatures at which various bodies pass into 
vapour, and also according to the scale on which the operation has to be carried oat, 
an almost endless variety of apparatus may be employed. 

Whatever be the variety of form, it consists essentially of three parts,— the retort 
or still, the condenser, and the receiver. 

On the small scale, in the chemical laboratory, distillation is performed in the simplest, 
way by means of the common glass retort a, and receiver 6, as in Jig. 651. The great 
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advantages of the glass retort are that it admits of constant observation of the mate* 
rials within, that it is acted upon or injui^ by but few substances, nay be cleaned 
generally with facility. Its great disadvantage is it^rittleness. 

The retort may be either simple, as in /g. 652, or tubulated, as in 651 («). 

Retorts should generally be chosen sut&icntly convex in ^ P^urtt, the of 

curvature of one part i^ssing gradually into that of the neighboaring ytmiaoBf m i* 
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represented in the figure; the part to be heated should, moreover, ]l;e as uniform in 
point of thickness as possible. The tubulated retort is more liable to crack than the 
plain one, on account of the necessarily greater thickn^s of the glass in the neig^^- 
bourhood of the tubulature ; nevertheless it is very convenient on account of the 
facility which it offers for the introduction of the materials. 

In charging retorts if plain, a funnel with a long stem should be employed, to avoid 
soiling the neck with the liquid to be distilled ; when a solid has to be introduced it 
is preferable to employ a tubulated retort ; and if a powdered solid is to be mixed with 
a fluid it is preferable to introduce the fluid first. 

Heat may be applied to the retort either by the argand gas flame, as in Jig. 651:: or 
a water, oil, or sand-bath may be employed. 

In distilling various substances, e. g.^ sulphuric acid, great inconvenience is expe- 
rienced, and even danger incurred, by the phenomenon termed “ bumping.” This 
consists in the accumulation of large bubbles of vapour at the bottom of the liquid, 
which bursting cause a forcible expulsion of the liquid from the retort. It is pre- 
vented by the introduction of a few angular fragments of solid matter of such a nature 
as not to be acted upon by the liquid which is to be distilled. Nothing answers this 
purpose better than a piece of platinum foil cut into a fringe, or even a coil of plati- 
num wire introduced into the cold liquid before the distillation is commenced. Even 
with this precaution the distillation of sulphuric acid, which it is often desirable to 
perform for the purpose of its purification, is not unattended with difficulty and 
danger. 

Dr. Mohr suggests the following method*: — A glass retort of about two pounds 
capacity, is placed on a cylinder of sheet iron in the centre of a small iron furnace, 
while its neck protrudes through an opening in the side of the furnace {Jig. 653). Ignited 
charcoal is placed round the cyliuder, without being allowed to come in contact with 
the glass, and a current of hot air is thus made to play on all parts of the retort 
excepting the bottom, which is protected by its support There is a valve in the flue 
of the furnace Iqr regulating the draught, and three small doors in the cupola or head, 
for supplying fresh fuel on every side, and for observing the progress of the distil- 
lation. 

Instead of the sheet iron cylinder a hessian crucible may be employed, and this, if 
reqnisire, elevated by placing it on a brick. If the vapour be vel^ readily condensed, 
nothing more is necessary than to insert the exiremity of the retort into a glass receiver 
as in 651. 

If a more efficient condensing arrangement be requisite, nothing is more convenient 
for use on the small scale than a Liebig’s condenser, shown in Jig. 654. It consists 
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simply of a long glass tube into which the neck of the retort is fitted, and the'^opposite 
extremity of which passes into the mouth of thq receiver ; round this tube is fitted 
another either of glass or metal, and between the two a current of water is made to 
flow, entering at a and passing out at b. The temperature of this water may be 
lowered to any required degree uy putting ice into the reservoir c, or by dissolving 
salts in it, (See Fkeezing.) 

Even on the small s;?ale it is sometimes necessary to employ distillatory apparatus 
constructed of other materials besides glass. 


* Mohr and Redwood’* PfS^ca! Pharmacy. 
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Earthenware Retorts are now constructed of very convenient sizes and shapes. 
There is one kind — which is very useful when it is required to pass a gas into the 
mtort at the same time that^tbe distillation is going on, as in the preparation of 
chloride of aluminium, &c. — which has a tube passing down into it also made of 
earthenware, as in^^. 655. The c^losest are of Wedgewood ware, but a common clay 
retort may be made impernieable to gases, by washing the surface with a solution of 
borax, then carefully drying and heating them. 

Retorts, or flasks wj^ bent tubes, which screw in thus {fig, 656), of copper, are 



employed when it is requisite to produce high temperatures, as for the preparation of 
benzole from benzoic acid and baryta, or in making marsh gas from an acetate, &c. 

In distilling hydrofluoric acid the whole apparatus should be constructed in lead ; 
the receiver consisting of a U-shaped tube of lead, which is fitted with leaden stoppers 
so as to serve for keeping the acid when prepared ; or a receiver of gutia percha may 
be employed with a stopper of the same material. {Pig> fi57.) 

For many purposes in the laboratory as, for instance, tlie preparation of oxygen by 
heating binoxide of manganese, — in the manufacture of potassium, &c. &c., where 
high temperatures are required, the iron bottles in which mercury is imported from 



Spain may be employed, a common gun-barrel being screwed into them to act as a 
delivery tube or condenser. {Fig. 658.) 

On a large scale an almost endless variety of stills have been and are still employed, 
which are constructed of different materials. 

The common “s^U” consists of a retort or still proper, in which the substance is 
heated ; 4 iDd a condenser commonly called a “worm” on account of its Slaving fre- 
quently a spiral shape. The retort or still is generally made in two parts ; the pun 
or copper^ which is the part to which heat is applied, and is commonly set iu a furnace 
of brickwork, and the “ head,^ which is generally removed after each operation, and 
refixed and luted npon the pan when again used. The condenser worm is com- 
monly placed in a tube or other vessel of water. (Seefig. 661.) 

The still may be either constructed ofcearthenware, or, as is very commonly the 
case, of copper, either plain or electro-plated with silver, aceorSng to t^rcnia^aiiees ; 
♦l£8s frequently platinum is employed. 

The still 4s either heated by an openflre, as in fig. 658, or, leis now very eiHBtimoly 
• 03 - 
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the case, hy steam. The still-pan (Jig. 659) is surrounded by an outer eop^r jacket, 
and steam is admitted between them from a steam boiler under any required pres- 
sure. In this way the temperature may be regulated w,ith the greatest nicety. ^ 
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Various adaptations for heating by steam have been appropriately arranged in a 
very conTtnient form by Mr. Coffey, of Bonhill Row, Finsbury, in his so-called 
Esculapian Stilt , It is in fact a Teritable mulimn in parvo, being intended to afford to 
the pharmaceutic chemist the means of conducting the processes of ebullition, distilla- 
tion, evaporation, defecation, &c., on the small scale, by the heat of a gas-furnace. 
The foUowing cut (Jig. 660) represents this apparatus. 
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B, a burner supplied with gas by a flexible tube, c, the boUer or still. i» 
evaporating pan fixed over the boiler and forcing the top of the stiU-head. k» » 
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valve for shuttiog off the steam from i, when it passes thraagh the tube m, other- 
wise it would pass through l, and communicate heat to the drying- closet o o, and 
from thence to the condenser t t. o is a second evaporating pan over the drying- 
closet. Another arrangement for distilling by st^am is shown in Jig. 661. 

Sometimes also distillation is effected by passing ^ot steam through a worm con- 
tained within the still, instead of or in addition to, the application of heat from 
without 

The worm or condenser is frequently constructed of earthenware, and set in an 
earthenware vessel, tliSse are very convenient when the operation is not to be edhr 
dq^ted on a very laige scale, and only at a moderate temperature. They are now td 
be obtained of all manufacturers of stone-ware articles. More commonly the worm 
is of copper, tin, or copper lined with silver, and in some rare cases where the liquids 
to be distilled act upon both copper and stiver, of platinum. {Fig, 662.) 



vessel of a prismat^form which occupies but little space : the water employed for 
condensation entei^B the^'fettom and passes out at the tf»p. • 

Gaddas condensei^ represented in It coMists of two conical vessels of 

ia^a4of uaequal sizMe smaller being ffxA ^gi^ia y^other^ and the apace hidweea 
• D 4 
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them closed at the bottfl«i. These are placed in a tub filled with co?d water, which 
comes in contact with the inner and outer surfaces of the cones, while the space 
between is occupied by the vapour to be condensed. T^is condenser is subject to the 
objection which applies to the common worm, that it cannot be easily and efficiently 
cleaned. 

To obviate this, Professor Mitscherlich has proposed a very simple modification in 
its form, in which the inner cone is movable, so that, when taken out, the intervening 
space between it and the outer cone can be cleaned, and then the inner cone replaced 
previonsly to commencing an operation. 

Distillation of Spirits, — In the manufacture of ardent sph'its, the alcoholic liquor 
obtained by fermentation of a saccharine solution is submitted to distillation ; the 
alcohol being more volatile than the water passes over first, but invariably a consider- 
able proportion of water is evaporated and condensed with the alcohol. To separate 
this water to the required extent it is necessary either to submit the product to redis- 
tillation, or to contrive an apparatus such that the product of this first distillation is 
returned to the still until a spirit of the required stren^^is obtained. 

• One of the earliest and simplest contrivances for effeiSing thedatter object is the still 
5ovented by Dorn, which is employed up to the present time in Germany (Jig. 665). 
• A is the still, heated by the direct action of the fire; B the head, from which r conveys 
^apour to a small refrigerator, for the purpose of testing the strength of the distillate*; 
^ is an ordinary condenser containing worm, &c. The intermediate copper vessel 
answers two purposes; the upper part c forming a heater for the wash, while the lower 
compartment 0 acts as a rectifier. The heater c, when filled up to the level of the 

665 



cock m, contains the exact measure of wash for charglna^ie still ; the contents can 
he constantly agitated by the rouser i. The still and h3|lbeing both charged, the 
vapour will at first be completely condensed in passing the worm and flow- 

ing into D will close the aperture. >Vhen the contents of c become so hot that no 
more condensation occurs, the vapour will escape by bubbling through the liquid in », 
which latter rapidly becomes heated to the boiling point, and evolves vapours richer 
in alcohol, which in their turn are condensed in e. 

^In this manner, by one operation, spirit containing qjont 60 per cent, of alcohol is 
emtained. , 

Of the recent improvements on Dorn’s still two only need be described : Coffey’s, 

which has in a great measure replaced all others in this country, and Derosne’s, which 
is extensively employed in France. 

Coffey’s far surpasses any of those before described. It was patented in 1832, 
and has proved most valuable to the distiller, since it fields the strongest spirit that 
can be obtained on the large scale. ^ 

Its objects are twofold : — 1st, to economise the heat, as much as possible, by ex- 
posing the liquid to a very extepded heated surface ; 2nd, to cause the evaporation 
of the alcohol from the wash by passing a current of steam through *it. 

The wash is pumped from the “wash ch^ger” into the worm^ube, which passes 
from top to bottom of *^he rectifier. In circulating through this tube its temperature 
is raised to a certain extent. Arrived^t the last convolution of the tube in the ^ 
rectifier the wash passes by the tube m h« at top of the “ analyser.” -It falls ana 
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collects upon the top shelf until this over6ow8, whence it falls on to,ifhe second shelf 
and so on to the bottMs. All the while steam is passed up from the steam boiler 
through fine holes in the shelves, and through valves opening upwards. As the wa^ 
gradually descends in the analyser it becomes rapidly weaker, partly from conden- 
sation of the steam which is passed into it, and partly from loss of alcohol, either 
evaporated or expelled by the steam j till, when it arrives at the bottom, it has parted 
with the last traces of spirit. At the same time the vapour, as it rises through each 
shelf of the analyser, becomes continuously richer in alcohol, and contains less and 
less water in consequence of its condensation ; it then passes from the top of the 
analyser in at the Iwttom of the lower compartment of the rectifier. Here it asc#^nds 
iu a similar way, bubbling through the descending wash, until it arrives at f, above 
which it merely circulates round the earlier windings of the wash pipe, the low tem- 
perature of which condenses the spirit, which, collecting on the shelf at r, flows off 
by the tube into the finished spirit condenser. 

In order still further to economise heat, the water for supplying the boiler is made 
to pass through a long coil of pipe, immersed in boiling hot spent wash, by which 
means its temperature is raised before it enters the boiler. In fact the saving of fuel 
by the employment of this still is so great, that only about three-fourths of the 
quantity is consumed that would be requisite for distilling any given quantity of 
^cohol in the ordinary still ; and Dr. Muspratt estimates that in this way a saving 
will be effected throughout the kingdom of no less than 140,000 tons of coal per 
annum. 

Very few persons have any idea of the enormous size of some of the distilleries. 
One of Mr. Coffey’s stills at Inverkeitbing works off 2000 gallons of wash per hour, 
and one, more recently erected at Leith, upwards of 3000 gallons. 

Derosne^s still is very similar, in the principle of its action, to Coffey’s, differing in 

fact only in the mechanical 
details by means of which the 
result is obtained. 

It consists of two stills, a 
and 667, The mixture 
of steam and alcohol vapour 
from A passes into the liquid 
in B, which it raises to the 
boiling point. The vapours 
from B rise through the distil- 
latory column c, and d (the 
rectificatonj column) ; hence 
they traverse the coils of 
tubing in e (the condenser and 
wine heater^ and the alcohol 
is finally condensed by tra- 
versing the worm in r (the 
refrigerator^t whence it is deli- 
vered at z. At the same time 
a steady current of the ori- 
g||||l alcoholic liquor is ad- 
orned from the reservoir h, 
into the exterior portion of the 
condenser f, by means of the 
tap, the flow fi*om which is 
regulated by the ball cock g» 
Whilst condensing the spirit 
in the worm the wash has its 
temperature raised, especially 
in the upper part, and thence it 
ascends by the tube h into the 
heater e, by the small orifices 
^ K fy* 668, where T, is still 
further heated by the current 
of heated alcohol which has 
risen into the worm from the 
stills, whilst at the same time 
assisting in the condensation 
of the spirit After perform- 
* ing its office of condensation, ^ 

and when nearly at the boiling point, the alcoholic liquor p.asses out by the tube If and 
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is conducted to,the top of the distillatory column c. Here it trickles down over 
a series of lenticular discs of metal (shown in Jig. 668), so contrived as to retard its 


'668 
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progress into the still b, and yet permit 
the ascent of the steam. In this dis- 
tillatory column (c, Jig. 670) it meets 
the steam rising from the still n. The 
greater part of its alcohol is expelled, 

■which, trayevsing the series of con- 
densers before described, is ultimately 
liquefied and collected at z ; but, to 
complete the rectification, it descends 
into the still b, and, when above a 
certain level (m m), into a, which stills 
being heated by a furnace beneath, the 
final expulsion of alcohol is acoom* 
pushed, and the spent liquor run ofiT 
at X. 

The details of the construction of 
the apparatus employed in the dis- 
tillation of spirits have been here given, 
since this process is perhaps one of the 
most important of the kind ; but va- 
rious modifications arc employed in 
the distillation of other liquids. 

In some cases, unusn^ly effectual 
condensing arrangements are required, 
as in the manufacture of Ether, Chlo- 
roform, Bisulphite of ^rbon, and 
Bichloride of Carbon. * 

In others higher temperatures are 
necessary, as in the distillation of sul- 
phuric acid. 

When the liquids to be distilled are acid, or otherwise corrosive, great care has to 
be taken especially that the worm or other condenser is of a material not acted upon 
by the acid. See Acetic Acid, and Sulphuric Acid. 

The term distillation is sometimes applied to cases of the YolatilisatiOT and subse- 
quent condensation of the metals either in their preparation or pimification. 

In cases Uke mercury, potassium, and sodium, where they are condensed in the 
liquid state, or visibly pass through this «tate before volatilisation, this term is quite 
appropp^te ; but where the fusing and vaporising points nearly coincid?, as in the 
case of arsenic, the term sublimation would b''' more suitable. 

Nevertheless it is difficult to draw a preci^ line of demarcation between the two 
terms ; for in the cases of zinc, cadmium, &c., the metals being melted before vola- 
tilisation, and condensed likewise in the Uquid state, •the term is certjmly correct. 

For the details of construction of the distillatory apparatus we must refer to the 
articles on these several metals. ^ ^ 

Distillatio per descensum is a term nnpr<^rly applied to certain c^ses of 
^^here the vapour is dense, and ma y be coUected by descending thrmigh a iwCal 
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has an opening in the t(^ of the distillatory vessels, and descends thnough the body of 
the vessel in which the f^eration of evaporation is going on, being collected below. 

This is clearly merely due to the fact of the vapour being even at a high tempeiy- 
ture more dense than atmospheric air, and might be performed with any body forming 
a dense vapour, such as mercury, iodine, zinc, &c. 

It has, however, practically been confined to the English process of refining zinc. 
See Zrsc. 

The two most remarkable cases in which the process of destructive distillation is 
carried out on a manufacturing scale, are the dry distillatiorrof wood, for the manu- 
facture of wood charcoal, acetic acid, and pjvoxilic spirit (which see); and of coakfor 
the purpose of obtaining coal gas, and coke. This process will be found fully de- 
scribed in the article on Coal-gas. 

Distillation of Essential Oils or Essences. — The separation of volatile flavouring 
oils from plants, &o, by distillation with water, will be fully treated under another 
head. See Perpumert, Essences. 

Fractional Distillation. — A process for the separation of volatile organic substances 
(such as oils) is very extensively employed in our naphtha works under this name. 

If we have two volatile bodies together, but differing appreciably in their boiling 
points, we find, on submitting them to distillation in a retort, through the tubulature 
of which a thermometer is fixed, so that its bulb dips into the liquid, that the tem- 
perature remains constant (or nearly so) at the point at which the more volatile con- 
stituent of the mixture boils, and the distillate consists chiefly of this more volatile 
ingredient ; and only after nearly the whole of it has passed over, the temperature 
rises to the point at which the less volatile body boils. Before this point has been 
reached, the receiver is changed, and the second distillate collected apart. By sub- 
mitting the flrst product to repeated redistillation, as long as its boiling point remains 
constant, the more volatile constituent of the mixture is ultimately obtained in a state 
of absolute purity. See Naphtha. 

This method may in fact be adopted when the mixture contains several bodies ; 
and by changing the receiver with each distinct rise of temperature, and repeating 
the process several times, n fractional separation of the constituents of the mixture may 
be effected H. M. W. 

DISTILLATION, DESTRUCTIVE. Organic matters may be divided info two 
groups, founded on their capability of withstanding high temperatures without under- 
going molecular changes. Bodies that distil unchanged form the one, and those which 
break up into new and simpler forms, the other. The manner in which heat acts 
upon organic substances differs not only with the nature of the matters operated upon, 
but also with the temperature employed. We shall study the subject under the 
following heads : — 

1. Apparatus for tiestructive distillation. 

2. Destructive distillation of vegetable matters. 

< 3. Destructive distillation of animal matters. 

* * 4. Destructive distillation of acids. 

5. Destructive distillation of bases. 

6. General remarks. 

1. Apparatus for destructive distillation — Destructive distillation on a large scale is 
most conveniently performed in the cast iron retorts used gas works. Where quan- 
tities of materials not exceeding fifteen or twenty pounds are to be operated on, for 
the purpose of research, a more handy apparatus can be made from one of the stout 
cast iron pots sold at the iron wharves. They are semi-cylindricai, and have a broad 
flange round the edge. The cover should be made to fit in the manner of a saucepan 
lid. The aperture by which the products of distillation are to be carried away should 
be of good size, and the exit pipe must not rise too high above the top of the pot before 
it turns down again. This is very essential in order to prevent the less volatile portion 
of the distillate from condensing and falling back. The exit tube should conduct the 
products to a receiver of considerable capacity, and of such a form as to enable the 
solid and fluid portions of the distillate to be easily got at for the purpose of examin- 
ation. Fr^m the last vessel another tube should conduct the more volatile products 
to a good worm supplied with an ample stream of cold water. If it be intended to 
examine the gaseons substances yielded by the substances under examination, the exit 
pipe of the worm must be connected with another apparatus, the nature of which 
must depend on the class of bodies which are expected to come over. If the most 
volatile portions are expected to'" be basic, it will be proper to allow them to stream 
through one or more Woulfe’s bottles half filled with dilute hydrochloric acid. Any 
very volatile hydrocarbons of the C"H“ family which escape may be arrested by 
means of bromine water contained in another Woulfe’s bottle. The pressure in the .. 
Woulfe’s bottles must be prevented from becomjpg too great, or the Imikage betweefl 
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the flange of the^pot and its cover will be very considerable. The luting may consist 
of finely sifted Stourbridge clay, worked up with a little horse dung. A few heavy 
weights should be placed on various parts of the lid of the pot, so as to keep it close, 
a?5d render the leakage as little as possible. For the destructive distillation of small 
quantities of substances, I have been accustomed for a long time to employ a small 
still made from a glue pot, and having a copper head made to fit it The luting for 
all temperatures not reaching above 700 may be a mixture of fths linseed and ^th 
almond meal, made into a mass of the consistence of putty. For the apparatus em- 
ployed in the destructiv# distillation of wood, coal, bones, &c., on the large scale, the 
varj^us articles in this work on the products obtained from those substances must be 
consulted. 

2. Destructive distillation of vegetable The principal vegetable matters which 

are distilled on the large scale are wood and coal. 'VVe shall consider these separately. 

Destructive distillation of wood , — The products obtained in the ordinary process of 
working are acetic acid, wood spirit or methylic alcohol, acetone, pyroxanthine, xylite, 
lignine, paraffine, kreosote, or phenicacid, oxyphenic acid, pittacal, several homologues 
of benzole, with ammonia, and methylamine. There are also several other bodies 
of which the true nature is imperfectly known. The greater part of the above sub- 
stances are fully described in separate articles in this work, Acetic Acid, Pa- 
raffine, &c. 

Peat appears to yield products almost identical with those frmn wood. 

DestrucUve distillation of coal . — The number of substances yielded by the distillation 
of coal is astonishing. It is very remarkable that the fluid hydrocarbons produced at 
a low temperature are very different to those distilling when a more powerful heat is 
employed. The principal fluid hydrocarbons produced by the distillation and subse- 
quent rectification of ordinary gas tar are benzole and its homologues ; see Hydro- 
carbons. But if the distillate is procured at as low a temperature as possible, or 
Boghead coal be employed, the naphtha is lighter, and the hydrocarbons which make 
its chief bulk belong to other series. See Naphtha. 

3. Destructive distillation of animal matters . — Bones are the principal animal sub- 
stances distilled on the large scale. The naphthas which come over are excessively 
foetid, and are very troublesome to render clean enough for use. The products con- 
tained in bone oil will be described in the article Naphtha. Horn and wool have 
recently been examined with reference to the basic products yielded on distilling them 
with potash. Horn under these circumstances yields ammonia and amylamine. Wool 
I find to afford ammonia, pyrrol, butylatuine, and amylamine. My experiments on 
feathers, made some years ago, although not carried so far as those ou wool, appear 
to indicate a very similar decomposition. 

Th^ products yielded by animal matters, when distilled per se^ are very different 
to those obtained when a powerful alkali is added previous to the application of 
heat If feathers or wool be distilled alone, a disgustingly feetid gas is evolved 
containing a large quantity of sulphur. Part of the sulphur is in the state of sulphide 
of carbon. But if an alkali be added previous to the distillation, the sulphM* is re- 
tained, and the odour evolved, although powerful, is by no means offensive. During 
the whole period of the distillation of ordinary organic matters containing nitrogen, 
pyrrol is given off, and may be recognised by the reaction afforded with a slip of deal 
wood dipped in hydrochloric acid. An interesting experiment, showing the formation 
of pyrrol from animal maffers, may at any time be made with a lock of hair, or the 
feather of a quill. For this purpose the nitrogenous animal matter is to be placed at 
the bottom of a test tube, and a little filtering paper is to be placed half way op the 
tube, to prevent the water formed during the experiment from returning and frac- 
turing the glass. The end of the tube is now to be cautiously heated with a spirit 
lamp, and, as soon as a dark yellowish smoke is copiously evolved, a slip of deal pre- 
viously moistened with concentrated hydrochloric acid is to be exposed to the vapour. 
In ^ few seconds the wood will acquire a deep crimson colour. The fact of the pre- 
sence of sulphur in wool, hair, or other albuminous compounds of that description, 
may be made very evident to an audience by the following experiment. Dissolve the 
animal matter in vgry concentrated solution of potash in a silver or platinum basin, 
■with the^d of heat. Evaporate to dryness, and raise the heat at the end"^ fuse the 
potash and destroy most of the organic matters. When cold, dissolve in water, and 
filter into a flask half full of distilled water. To the clear liquid add a little of Dr. 
Playfair’s nitroprusside of sodium ; a magnificent purple tint will be immediately pro- 
duced, indicative of the presence of sulphur. A very««maU quantity of hair or flannel 
will suffice to yield the reaction. 

The above remarks on destructive distWation apply principisdly to highly 
bodies, the molecular constitution of which is either doubtful, tSk in the case of idlm* 
^minous sut^tances, or totally unknown, as with coals and shales. The 
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distillation of organic substances of comparatively simple constitution, such as acids 
and alkalies, sometimes yields products, the relation of which to the parent substance 
can be clearly made out. This holds more especially in the case of organic acids; tj)e 
bases too often yield such complex results, that the decomposition cannot be expressed 
by an equation giving an account of all the products. We shall study a few cases 
separately. 

4. Destructive distillation of acids . — The destructive distillation of acids takes place 
in a totally different manner, according as we have a base present or the operation is 
carried on without any addition. Many if distilled per se ucdergo a very simple re- 
action, consisting in the elimination of carbonic acid, and the formation of a pyroacid. 
But if an excess of base be present, the decomposition often results in the formation 
of a ketone (see Acetone). We shall offer a few examples of these decompositions. 
Gallic acid, heated to about 419° Fahr., is decomposed into pyrogallic and carbonic 
acids, thus : — 

+ 2C03 


Gallic acid. Pjrugalltc acid. 

There are cases in which the action of heat upon organic acids results in the for- 
mation of two substances, not produced simultaneously, but in two epochs or stages. 
In reactions like this, the first efieet is the removal of two equivalents of carbonic 
acid, and by submitting the resulting acid to heat again, two more are separated. 
Under these circumstances, it is the second which is generally called the pyroacid. As 
an example we will take mcconie acid which breaks up in the manner seen in the 
annexed equations. 

= C'WO'o + 2CO'' C'H'O'" = + 2CO^ 


Meconic acid. Comeoic acid. 


Comenic acid. Pyromeconic acid. 


It will he seen that the hydrogen remains unafifected. Perhaps the name pyroeo- 
menic acid would be preferable to pyromeconic acid, inasmuch as it is deriv^ from 
comenic acid in the same manner as pyrogallic from gallic acid. 

But pyroacids are not always derived from the parent acid by the mere elimination 
of carbonic acid ; thus mucic acid, in passing into pyromucic acid, loses two equivalents 
of carbonic acid, and six equivalents of water, thus: — 

+ 2CO> + 6H0 

Mucic acid. Pfromucic acid. 


It does not invariably happen that the destructive distillation of acids perse results 
in the formation of a pyroacid, the disruption is sometimes more profound, the products 
being numerous and somewhat complex. Let us take as an illustration a case where all 
the results can be reduced to an equation. Oxalic acid, when heated in a retort without 
add^ion, yields water, oxide of carbon, carbonic and formic acids, in accordance with 
the annexed equation : — 

4(C*0\H0) = 4CO* + 2CO + 2110 + C-HO» HO 


Oxalic acid. Formic acid. 

The admixture of sand, pulverised pumice stone, or any other inert substance in a 
state of fine division, often remarkably assists in rendering the decomposition more 
easy and definite. Thus, if pure sand be mixed with oxalic acid, the quantity of formic 
acid is so increased, that the process is sometimes employed in the laboratory as a 
means of affording a pure and tolerably strong acid. 

We have said that the destructive distillation of acids proceeds in a very different 
manner according as we operate upon the acid itself, or a salt of the acid. The dis- 
tillation of the pure salt yields different products to those which are obtained when 
the salt or dry acid is mixed with a large excess of a dry base (such as quicklime), 
before the application of heat. If, in the former mode of proceeding, two atoms of 
the acid are decomposed, yielding a body containing (for four volumes of vapour, see 
FoRMUt^^the elements of two atoms of carbonic acid and two ofVater less^than the 
parent acid, such body is called a ketone. Thus when two atoms of acetatd of lime 
are distilled, the products are one atom of acetone, and two of carbonic acid. Of 
course the carbonic acid combines with the lime, thus: — 


+ 2(CaO,CO»). 

A<%tdte of lime. AceVPoe. 

If, however, the salmis not of a very low atomic weight, and the quantities operated 
on are at all considerable, secondary products are formed, as in the dry distillation ^ 
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outyrate of lime, when, if the substance is not in very small quantity, carbon is deposited, 
and a certain quaTitity of butyral (C'H®0'’) is formed, and probably other substances. 

As an illustration of the decomposition nndergone when acids are distilled with a 
g^at excess of dry base, we shall select that of benzoic acid, which under the circum- 
stances alluded to yields benzole and carbonate of the base. 

C'‘H=0' = C'^H' + 2 (CO-) 

Benzoic acid* Benzole. 

5. Destructive distillaikn of bases. — It has been found that the organic bases undergo 
a much simpler and more direct decomposition when subjected to destructive distilla- 
tionin presence of alkalies than when they are exposed to heat without admixture. 
There are two bodies almost invariably found among the resulting products, namely 
ammonia and pyrrol. In this respect, therefore, the organic alkalies behave like 
other nitrogenised animal and vegetable products. The decomposition is almost 
always rather complex, and it is very rare that the products are sufficiently definite 
to be arranged in the form of an equation. The most common substances found, are 
the alcohol bases, and these are almost invariably of low atomic weight One great 
difficulty connected with researches on this subject, is owing to the fact of its being 
seldom that the products are in sufficient quantity to enable a thprough knowledge of 
the molecular constitution to be arrived at. Unfortunately Ihis information is much 
wanted in consequence of the numerous cases of isomerism to be met with among the 
alcohol bases. See Formulae, Chemical. Thus it is difficult, when working on 
Tery small quantities, to distinguish between bimethylamine and ethylamiue, both of 
which have the formula C^H'N. 

It is remarkable that there is a great similarity between the products of the des- 
tructive distillation of some of the most unlike nitrogenous substances. This is con- 
spicuously seen in the case of bones, or rather the gelatinous tissues of bones, shale 
and coal naphthas, and cindioniue. An inspection of the following table, compiled 
from a paper (by the writer of this article), ‘‘On some of the Basic Constituents of 
Coal Naphtha,” will render this evident. 


Gelatinous Tusues. 

Shale Naphtha. 

Coal Naphtha. 

Cinchonine. 

Pyrrol. 

Pyrrol. 

Pyrrol. 

Pyrrol. 

Pyridine. 

Pyridine. 

Pyridine. 

Pyridine. 

Picoline. 

Picoline. 

Picoline. 

Picoline. 

Lutidine. 

Lutidine. 

Lutidine. 

Lutidine. 

Collidine. 

Collidine. 

Parvoline. 

Coll^iue. 

Collidine. 

. 

- 

Chinoline. 

Chinoline. 

Aniline. 

- 

LiCpidine. 

Cryptidine. 

Aniline. 

Lepidine. 


It is very possible that some of the aboTe bases, having the same formal£e,J[>at de- 
rived from different sources, will, in course of time, prove to be merely isomeric, and 
not absolutely identical. The author of this article has quite recently found that the 
chinoUne of coal tar is certainly not identical with that from cinchonine. The base 
from the latter source yields a magnificent and fast blue dye upon silk, when treated 
by a process which gives no reaction if the coal base be substituted. It is unfortunate 
that the reaction is with the latter instead of the former, as it would have added one 
more to the list of gorgeous dyeing materials yielded by coal tar. 

6. General Remarks. — The tendency of numerous researches, made during the last 
few years, has been to show that there is no organic substance, capable of resisting 
high temperatures, which may not be found to exist among products of destructive 
distillation. By varying the nature of the substance to be distilled, and ala? the cir- 
cumstances under which the operation is conducted, we can obtain an almost infinite 
variety of products. Acids, bases, and neutral substances, solid, liquid, and fluid 
hydrocarbons, organic positive, negative, and derived radicals, organo-melalHc tK)dies, 
— all may be produced by the action of high temperatures on more or less compli- 
cated bodies. Much has already been done, but the facts at present aiT^umulated 
relate merely to the superficial and more salient substances. On penetrating further 
below the surface far more valuable and interesting facts will come to light. — C.G.W, 

DIVIDIVI, or Libi DavL is the pod ofa leguminous shrub, which is an indigenous 
production of Jamaica, and some parts of South Arnica. Mr. RocHsey obtained a 
mean produce of 6*625 grs. of leather from 60 grs. of dividivi, while the same quantity 
of the best Aleppo galls yielded only a.«mean produce of 4*625. It appears twi 
from Sir Humphry Davy’s estimate, that 60 grs. of dividivi c5nt^ 3*0475 gnt- mr 
5*079 per cent, of tannin, and 60 grs. of galls, 2 12704 grains, or 3*450 per oestL 
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Sixty grs. of oak bark yielded only V75 grains of leather; whence ^t follows that it 
contains but 0'805 of a grain of tannin to the drachm, or not more than 1-34166. 

It has been tried as a dye instead of galls or sumach, but its use for this purpose's 
almost entirely abandoned. See Leather. 


Dividivi imported in 1857 ; 

Tons. 


£. 

Curagoa 

- 229 

computed real value. 

2,416 

New Granada 

- 2,517 

»» 

26,554 

Venezuela - 

- 372 


3,925 

Other parts - 

35 

3,153 

»» >» 

369 

£33,264 




DIVING BELL. As it is frequently desirable to raise objects from the bottom of 
the sea or rirers, and to lay the foundation of piers and similar structures, some con- 
trivance was desired to enable man to descend below the water, and to sustain himself 
while there. The first method adopted was the very simple one of letting down a 
heavily weighted bell vertically into the water. As the bell descended, the air got 
overpressed, and the water rose in the bell, but never to the top, and within that 
space the man was sustained for some time. The air, however, was vitiated by the 
processes of respim^n, and the man had to be drawn up. It "is curious to find that 
as early as 1693 a -my complete system of diving without a bell was devised, as the 
following quotation will show. 

A.n. 1693. “William and Mary, by the Grace, &c. &c. Whereas John Stapleton, 
gentleman, hath by Ms great study and expence invented a new and extraordinary 
engine of copper, iron, or other mettal, with glasses for light joints, and so contrived as 
to permit a person enclosed to move and walk freely with under water, and yet so 
closely covered over with leather as sufiiciently to defend him from all the jumpes of it. 
Also invented a way to force air into any depth of water, whereby the person in the 
aforesaid eng'me may be supplied with a continual current of fresh aire, which not 
only serves him for respiracon, but may alsoe be useful for continuing a lamp burning, 
which he may carry about with him in his hand. • • • Likewise a way to 

make the same again serviceable for respiracon, and by continually repeating the 
operacon, a man may remain a long time under water, in either of the said engines, 
without any other air than the sayd engines do contayne, whereby he shall be pre- 
served from suffocation if any extraordinary accident should interrupt the current of 
fresh air afore menconed.” — Letters Patent. Rolls Chapel. Edited by Rennet Woodcraft. 

The defects were many in this apparatus, and Dr. Halley invented a bell the object 
of which was to remedy them. ' 

Dr. Halley’s bell was of wood coated with lead, and having strong glass windows 
above, to allow the passage of light to the diver. In order to supply air, a barrel was 
taken with an open hole in the bottom, and a weighted hose hanging by, and fitting 
into a hole at the top. From this barrel the air of the bell was supplied as frequently 
as it became vitiated, the barrels of air being sent down from above. Spalding im- 
proved "lipon Halley’s bell, and again Friewald made some improvements on Spalding’s, 
but in principle these bells were all alike. The modern bells are usually large and strong 
iron bells, with windows in the upperpart. By means of an air pump, placed on the sur- 
face, air is sent down to the divers in the bell, and the vitiated air is as regularly 
removed from the bell by other tubes through which it escapes. These diving bells 
are lowered by means of cranes, and are moved about in the water by those above, 
signals being given by the men below. The difficulty of moving this machine, renders 
it still inconvenient, and recent attempts have been made to obviate this, by the con- 
struction of a diving bell upon principles entirely different. This new diving bell, 
to which the name of The NAcrn-og has been applied, has proved so useful in the 
construction of some parts of the Victoria Docks, and some works on the Seine, that a 
full description of it is appended. 

The nautilus machine is entirely independent of suspension ; its movements 'Ure 
entirely dependent on the will of those within it, and without reference to those who 
may be stationed without ; it possesses the power of lifting large weights, se, and 
at the same time is perfectly safe, by common care in its operatmns. This latter is 
the grealSt desideratum of all. These advantages must strike all as osmhining 
those requisites of success which have been always wanting in the present known 
means for constructing works under water. 

The form of the machine is not arbitrary, but depends entirely on the nature of 
the work to be performed, adapting itself to the various circumstances attending any 
given position. By reference to the annexed figures it will be perceived that when at 
rest, being entirely enclosed, its displacemert: of water being greater than its own weight, 
it must float to the surface (see Jig. 671). Entering through a man-hole at the top 
(which is closed cither from the inside or outside), you descend into the interior of the" 
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machine, portionai of which are walled off on either side, forming chambers j these 
chambers are connected at or near the bottom of a pipe a a, which opens by a 



cock b outwards to the external surrounding water. An opening in the bottom of 
the machine of variable dimensions is closed by a door or doors susceptible of being 
opened or closed at pleasure. The chambers w w, are likewise connected at top by 



a smaller pipe ce, which this 

IS affixed a flexible pipe, i ^ — Ith the larffer or working chanriber. 

latter pipe t, allow ajso communication wit purpose, is ^receiver 

At thcjsnrface of the one end a hoHow'^drum or reel, to the 

of variable dimensions, to which w altacnra - .y ■ leading to the top of 
barrel of which is affixed the other end of the flexible pil^a. iea g ,eVful 

the nantilns. At the other end of, and m to 

air-condensing pump. This combination represent* the nantilns as aoap 

cngineerin^g work. n^ra-or with his assistant enters the machine 

As to the modus To descend, the water^ock b is opened, ^ 

through the top, which is „ w • « the same time a cock, on a p«|* 

♦he external water flows into flie chamoCTS ^ » 

Voi-ir. • • ® 
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Opening from the chambers outwards, is opened, in order that, thtrair escaping, an 
uninterrupted flow of water may take place into the chambers. The weight of water 
entering the chambers causes a destruction of the buoyancy of the machine, aqd 
the nautilus gradually sinks. As soon as it is fairly under water, in order that 
the descent may be quiet and without shock, the water-cock h, is closed. The re- 
ceiver at the surface being previously charged by the air pump to a density some- 
what greater than that of the water at the depth proposed to attain, one of the 
branch-cocks on the pipe c c, connecting the chambers at top, is opened, and the air 
rushes into the working chamber, gradually condensing untsl a density equal to the 
density of the water without is attained; this is indicated by proper air and water 
gauges. These gauges marking equal points, showing the equilibrium of forces 
without and within, the cover to the bottom z is removed or raised, and communica- 
tion is made with the under water surface, on which the nautilus is resting. In order 
to move about in localities where tides or currents do not affect operations, it is only 
necessary for the workman to step out of the bottom of the nautilus, and placing the 
hands against its sides, the operator may move it (by pushing) in any direction. 

Where currents or tides, however, have sway, it becomes necessary to depend upon 
fixed points from which movements maybe made in any direction. This is accomplished 
by placing, in the bottom of the nautilus, stuffing boxes of peculiar construction (m m, 
fiy. 672), through which cables may pass over pulleys to the external sides, thence 
up through tubes (to prevent their being worn), to and over oscillating or swinging 
pulleys, placed in the plane of the centre of gravity of the nautilus, and thence to 
the points of affixment respectively (Jig. 673). The object to be gained by having 


673 



the swinging pulleys in the plane of the centre of gravity of the mass, is to hold the 
machine steady and to prevent oscillation. Within the machine, and directly over the 
above stuffing boxes, are windlasses for winding in the cables. By working these 
windlasses movement may be effected, and of course the number of these cables will 
depend on the variable character of the situation to be occupied. Having thus 
secured the means of descending, communicating with the bottom, and of movement, 
the next point is to ascend. Weight of water has caused a destruction of buoyancy 
at first, and consequent sinking ; if then any portion of this water is removed, an 
upward effort will at once be exerted exactly proportionate to -Ae weight of water 
thrown The air in the receiver at the surface being constantly maints^ed at a 

higher density than that of the water below, if we open the water cock on the top _ 
pipe, c, c, throwing the condensed air from the receiver above directly on to the 
surface of the water in the chambers, movement and consequent expulsion of the 
water must take place, and aCi upward movement of the machine itself, which will 
rise to the surface. 

It is evident thati^ previously to the expulsion of the water, the nautilus be affixed 
to any object below, the power exerted on that object will be exactly proportionate to 
the weight of water expelled, and the power will continue increasing until, theri* 
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being no farther ’^feight to be throivn off, the maximum effect is produced. To apply 
this power to litting masses of stone or rock, proper arrangements are affixed to the 
c^tre of the opening in the bottom, by which connection can be made wiih the 
weight, admitting, at the same time, the swinging around of the object suspended, 
so that it may be placed in any required position. In the construction of permanent 
work, or the movement of objects whose weight is known, or can be estimated, a 
water, or, so called, lifting tube is placed on the side of the water chamber, which in- 
dicates the lifting power exercised by the nautilus at any moment. The advantage 
of this gauge will be recognised, inasmuch as without it the closest attention of the 
operator, working very cautiously, would be necessary to determine when the weight 
was overcome ; by its aid, however, the operator boldly throws open all the valves 
necessary to develope the power of the nautilus, watching only the gauge. The 
water, having reached the proper level indicating the required lifting power, he knows 
the weight must be overcome, or so nearly so that the valve or cocks may be at once 
closed, in order that the movement may take place horizontally. A moraenfs re- 
fection will show that, if there were not an index of this character, carelessness or 
inattention on the part of the operator, by leaving the cocks open too long, might 
develope a power greater than required, and the nautilus would start suddenly up- 
ward. The expansive power of air, acting upon the incompressible fluid, water, 
through the opening in the bottom, gives a momentum which, by successive de- 
velopments of expansion in the working chamber, is constantly increasing in ve- 
locity, until, in any considerable depth of water, the result would be undoubtedly 
of a very serious character. Take, for exempliflcation, the nautilus in thirty-three 
feet of Water, and bottom covers removed, and an equilibrium, at fifteen pounds 
to the inch, existing between the air and the water at the level of the bottom of 
the machine. Upward movement is communicated the instant the machine rises 
in the slightest degree, the existing equilibrium is destroyed, and the liighly elastic 
qualities of air assume preponderance, exerting, from the rigid surface of the water 
below, an impulsive effort upward in the direction of least resistance. At each suc- 
cessive moment of upward mo\ement the impelling power increases, owing to tlie 
increasing disparity between the pressure of air within struggling for escape. The 
machine, thus situated, becomes a marine rocket (in reality), in which the propelling 
power is exhausted only when the surface is reached, and a new equilibrium is ob- 
tained. It will readily be seen that, were this difficulty not overcome, it would be 
impossible to govern the nautilus ; for, rising with great velocity to the surface, 
the machine is carried above its ordinary flotation, or water line, a little more air 
escaping owing to the diminished resistance as that level is passed j the recoil, or 
surging downwards, causes a condensation of the air remaining in the chamber; 
a portion of the space previously occupied by air is assumed by water ; the buoyant 
power becomes less, the machine settles slightly more by condensation of the air, a 
larger space is occupied by water, and the nautilus redescenda to the bottom with a 
constantly accelerating movement, seriously inconveniencing the operator b;^fi1^g 
more or less with water, according to depth. For many months the difficulties just 
enumerated baffled all attempts at control, A weight attached could be lifted, but 
the instant it was entirely suspended, — before the valves could be closed, upw.ird 
movement was communicated beyond control. This difficulty so fatal has been over- 
come by an arrangement at the bottom of the nautilus, with channi Is which 
radiate from the opening in an inclined direction, debouching at the sides of the 
machine. The moment then that the air, by its expansion from diminished resist- 
ance, or by the introduction from above of a greater volume than can be sustained 
by the water below, reaches, in its downward passage, the level of these chambers, 
following the direction of least resistance, it passes through these channels and 
escapes into the surrounding water, without of course affecting the movement of the 
machine in the least. , , , . j * 

Tne pump for supplying air to the diving bell or other suitable vessel is reprewntcd at 
figs. 674 and 675, and is constructed as follows p is a cylinder, openi^ at the upper 
part into a chamber or chambers f f, separated by a partition e. the si e o 
each of these chambers there is a 'valve H H, opening inwards, and at Uje upper 
part of same are two valves 1 1 , opening outwards into the valve ejiamber o. 
Outside the opening for each of the valves H, H, there is a cup, into which the e^ 
of the water supply pipe m passes ; by this means a small stream of water is snpp i 
to the cup, and is drawn from it into" the chamber r to supply the in the opera- 

tion of pumping. The valve chamber c is covered with a jacket A, having a space 
between it and the valve chamber that is filled with water from the water pi^ , 
which affords a stream of cold water to carry off the heat frop the con en 
^Iiich is forced into the chamber. The water thus supplied circula^ thr^h^ 
tubes in the ^bamber and round them jp the jacket, aad thus cow uie Wf bb 
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tnbes ; it is then conveyed so as to be usefully employed in a sfeam boiler, or is 
allowed to run off- The air and a small quantity of water is forced up from the 




cylinder D by the stroke of the piston c into the 
chamber F, which is thereby filled with water, and 
thus the air is expelled therefrom, a small quan- 
tity of the water passing with it and covering the 
valves, by which means they are kept tight and 
wet. The air and water thus discharged, after 
passing around the small tubes in the valve 
chamber and being cooled, are forced outward 
and conveyed to the condenser. On the return 
stroke of the piston, the other chamber F is filled, 
and air and water expelled from it in like manner 
through its valve into the valve chamber. There 
is always a sufficient quantity of water in the cy- 
linder D and chamber r to fill the latter when 
the water is all expelled from the cylinder, by 
the piston c having been driven to one end of it, 
and when the piston returns to the opposit^end 
of the cylinder the water flows in behind it, and ^ 
draws in its equivalent in bulk of air and water 
through the valve h. On its return, this is forced 
out through the valve k intT) the chamber 1, as 
mentioned above. The water being n!>n-elastic, 
if the parts are kept cool enough to avoid raising 
steam, this process may be continued for any length 
of time. A transverse section of this apparatus is 
shown in Jiy. 675. 

Fiji, 676 and 677 represent the speaking tube 
and alarm bell above referred to. The constru^ 
tion of this mechanism is as follows : — There iS 
a hollow costing, one portion of which is tridn- 
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gular in form, fi^m one end of 'which a short tube a projects. This tube a has a 
screw cut on it, and a projecting flange at its junction with the triangle. This is 
s^^ewed into the top of the 
diving vessel or armour 
from the inside, and pro- 
jects through it to allow 
the coupling of a flexible 
or other hose to be at- 
tached to it. At the op- 
posiNi angle, and in a line 
with a, there is a tubular 
projection by provided with 
a screw to receive a capy*, 
to which is to be attached 
a piece of hose. Within 
the tube /, and at its junc- 
tion with by is placed a thin 
diaphragm of metal or 
other suitable material c, 
for which purpose, how- 
ever, a thin silver plate that 
just fits the bore of the cap 
y is preferred. This dia- 
phragm closes all commu- 
nication between the diving 
vessel and the external air. 

By this means it is easy to 
converse through any re- 
quired length of tubing. It 
may be desirable to fit a 
stop-cock into the tubular - • • . r 

projection 6, as a precautionary means of preventing the escape of air in the event ot a 
rupture of the diaphragm. The upper part of the triangular enlargement of thc 
speaking tube is tapped for a stuffing box at within which there is an axis hy which 
runs from side to side of the said enlargement, and through the stuffing box at one side. 
On this axis h is fixed a lever i within the said enlargement, which lever communicates 
with the surface of the water by means of a wire fixed at its reversed end, and 
through the whole length of pipe. On the outer extremity of the axis A is aftixcil a 
hammer, which strikes on a bell A connected to the tube, as shown in the drawing 
By this means the attention of the operator below may be drawn to the speaking tube 
when it is required to converse with him from the surface of the water, Md «« 
whose duty it is to attend to the operator below can, by placing their ear at the,gnd or 
the tube, hear the bell struck be- 
low as a signal for communication 
with them at the surface. 

The only parts of the apparatus 
not yet described are the saw for 
cutting the tops of piles to an uni- 
form level, the pump which enables 
the divers themselves to rise to the 
surface in the event of the flexible 
hose being detached or injured, 
and the contrivance for screwing 
an e^e holt into the side of the 
sunken vessels. 

The arrangement of the saw- 
frame and connections are shown 
in Jig. 678. Only as^ much of the 
bottom orthe Nautilus is shown 
as will render the position of the 
saw understood, p is a pile which 
is required to be cut down to the 
same level as the others, e is the 
blade of the saw, d the framing 

by which it is stretched, c, l>, the ^ ^ , , , -j.* .w.*# tli# 

^ndle which rests on the cross bar K ; to ^hich^ is B, O, r. 
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a bent lever -with two friction rollers at F which guides the st-w forwards while 
making the cut. 

The pump for ascending in case of accident to the air hose is not shown in rhe 
drawing. It is a simple force pump placed in the working chamber, by which the 
ballast water in w w, fig. 672, can be pnmped out so as to lighten the apparatus suffi- 
ciently to allow of its ascent 

The apparatus for fixing the eye bolts is shown in fig. 679. The operation of this 
apparatus is as follows : — It will be observed the chamber D opens outwards to the 
water, so that when the sliding partition or valve y is forcea down by the lever g, the 
communication of the water with the chamber c is cut off. The lid z being rerfToved, 
a bolt i ^or other operating tool or instrument) is placed within the chamber c ; the 
rod k is forced through the stuffing box I until the recessed end of the rod contains 
the end of the bolt ; the small rody is then screwed through the stuffing box n, until 
the screw on the end of this rod has become affixed to the end of the bolt contained 
within the recess at p. The lid z of the chest is then fastened on, and the partition 
or valve y raised, the stuffing box M preventing the escape of air. Communication is 
thus opened between the chambers A and d, the latter being open outwards. The rod 
i is now pushed outwards by pressing on the handle k through the stuffing box I, 
until the vessel or object to be operated upon is reached, when the operation is per- 



formed as required. It will be observed that the stuffing box prevents the escape of 
air out of the bell or the admission of water into it, the stuffing box n having the same 
tendency. After the operation with the tool or instrument is complete, the rod k is dis- 
oriiiccti d by unscrewing the rody, and is drawn into the chamber a by means of the 
handW A ; the partition or valve ;/ is again lowered, and the operations above described 
arc repeated. It will hence be obvious that a number of eye bolts might in this manner 
be successfully inserted in the side of a sunken vessel from the dlvin^bell, so that by 
hooking on the “camels” the strain would be so distributed as to prevent injury by 
the process of lifting the said vessel. 

DOCIMACY. ITrom the Greek Aom/ut^tv, I prove (flocimasie, Fr. ; Probierhunst, 
Germ. ), is the art by which the nature and proportions of an ore are determined. 
The art of assaying minerals, the separation of the metal. This analytical examina- 
tion was originally conducted in the dry way, the metal being extracted from its mine- 
r.ilisers, by means of heat and certain fluxes. But this method was eventually found 
to be insufficient and even fallacious, especially when volatile metals were in question, 
or when the fluxes could absorb them. The latter circumstance became a very serious 
evil, whenever the object was to appreciate an ore that was to be worked at great ex- 
pense. Bergmann first demonstrated, in an elaborate dissertation, that the humid ana- 
lysis was much to be preferred ; and since his time the dry way has been devoted 
cliiefly ^ the direction of metallnrgic operations, or, at least, it has been employed 
merely in concert with the humid, in trials upon the small scale. '' 

After discovering an ore of some valuable metal, it is essential to ascertain if its 
quantity and state of combination will justify an adventurer in working the mine, and 
smelting its products. The mptal is rarely found in a condition approaching to purity ! 
it is often disseminated in agangue far more bulky than itself ; and more frequently 
still it is combined with simple non-metallic substances, such as sulphur, carbon, 
chlorine, oxygen, ari acids, more or less difficult to get rid of. In these compound 
states its distinctive characters are so altered, that it is not an easy task either to rft- 
cognise its nature, or to decide if it can be smelted with advantage. -The assayer. 
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Tv ithout neglecting any of the external characters of the ore, seeks to penetrate, so to 
speak, into its interior ; he triturates it to an impalpable powder, and then subjects 
it to the decomposing action of powerful chemical reagents ; sometimes, with the aid 
^ alkalies or salts appropriate to its nature, he employs the dry way by fire alone ; at 
others, he calls in the solvent power of acids with a digesting heat ; happy, if after a 
series of labours, long, varied, and intricate, he shall finally succeed in separating a 
notable proportion of one or more metals either in a pure state, or in a form of com- 
bination such that from the amount of this known compound, he can infer, with 
precision, the quantity -pf fine metal, and thereby the probable value of the mine. 
The blow-pipe, skilfully applied, aflfords ready inications of the nature of the me- 
tall^ constituents, and it is therefore usually the preliminary test The separation of 
the several constituents of the ore can he effected, however, only by a chemist, who 
joins to the most extensive knowledge of the habitudes of mineral substances, much 
experience, sagacity, and precision in the conduct of analytical operations. Under 
the individual metals, as also in the articles Blowpipe, Assay. Metallurgy, Mines, 
and Ores, are presented such a copious and correct detail of docimatic processes, as 
will serve to guide the intelligent student through this labyrinth. 

OOEGLING TRAIN OIL. The oil of the JBaleiBna rostrata, or Bottle-nose whale. 

DOGWOOD. Cornus sanguineaf a small underwood known rs the wild cornel, 
and as the common Dogwood. Little splinters of this wood are nsed by the watch- 
makers for cleaning out the pivot-holes of watches, and by the optician for cleaning 
deeply-seated small lenses. Its peculiarity is that it is remarkably free from silex. 
Toothpicks are also manufactured from dogwood. 

DOLLY. DOLLY TUB. A mining term applied to a tub fitted with a perforated 
board, the dbffy, to which a circular motion is given by a winch-handle, and thus im- 
parts a similar motion to the ore. See Mining and Ores, Dressing op. 

DOLOMITE. Magnesian Limestone. This rock occurs in very great abundance 
in various parts of England, especially in Yorkshire, Nottinghamshire, and Somerset. 
It is largely employed as a building stone. 

Karsten infers, from his numerous analyses of dolomite, that in those which are 
crystallised, the carbonate of lime is always combined in simple equivalent propor- 
tion with another carbonate, which may he carbonate of magnesia alone, or together 
with carbonates of iron or manganese, and sometimes both. In the uDcrystailise«l 
varieties of dolomite, the diversity in the proportion of lime and magneMa is iiide- 
finite*, but such masses must be regarded as mere mixtures of true dolomite und car- 
bonate of lime. Acids do not produce a perceptible effervescence with dohunlit*. 
except when digested with it in fine powder. Karsten found that dilute acetic acid 
extracts from dolomites, at a temperature below .'12® Fahr., only carbonate of lime, 
while a dolomitic mass remains undis^^olved. Hence he regards them as mixtures of 
dolomite with unaltered carbonate of lime. — Bischof. 

Sulphate of magnesia has been manufactured from dolomite on the lar^e scale. 

Dr. William Henry, of Manchester, patented a process of the following kind'^ — 
Calcine magnesian limestone so as to expel the carbonic acid j then concert the 
caustic lime and magnesia into hydrates by moistening them with water ; afterward^ 
add a sufficient quantity of hydrochloric, nitric, or acetic acid, or chlorine U> dissolve 
the lime, but not the magnesia, which, after being washed, is converted into sniphaie 
by sulphuric acid, or, where the cost is objectionable, by sulphate of iron, "whicli is 
easily decomposed by magnesia. Or the mixed hvdrates of lime and magnesia arc 
to be added to bittern : chloride of calcium is formed in solution, while two portions 
of magnesia (one from the bittern, the other from the magnesian lime) are left unacted 
on. Hydrochlorate of ammonia may he used instead of bittern ; by the reaction of 
this on the hydrated magnesian lime, chloride of calcium and cau-stic ammonia remain 
in solution, while magnesia is left undissolved ; the ammonia is separated from the 
decanted liquor by distillation. . j 

in some chemical works on the Tyne, the dolomitellirom thecoast arotina Marsd^n 
are treated with sulphuric acid, and the sulphate of magxu^ia «a«i) separatc-d 

from the sulphate of lime by crystallisation. , « • , 

The dolomite ha.* also been employed by the late Hugh Lee Pattmson % <>'« 

nufactur% of the Cabbosate OF Magnesia, which see. 

DONARIUM. Dr. Bergmann received through Mr. Krantz a mineral ffom 
Brerig in Norway, which is found in the same zircon-syenite that contains wohlente 
and eukolite, and he discovered in if the oxide of a new metal combined with silicic 
acid. This metal he calls Donarium, after the god 9onar, and he assigns to it the 
svmbol — Do. . , , . 

' The silicate of the oxide of Donari*n, Do’0*,SiO> -e 2HQ, is yellowish red, m 
some fragments passing into brown, in others into yellow ; when scratch^ OT pow- 
-dered, it is light orange. In thin films it is almost transparent, the thicker <»e8 
• • * 4 
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translacid. Some pieces have a distinctly laminated structure, in others the fracture 
is more flat, or conehoidal. Its hardness is between that of fluor spar and apatite ; its 
specific gravity = 5'397. _ n 

Small films heated in a platina spoon break down into a dark brown' mass, which 
reassumes an orange colour when cold ; the larger pieces lose their transparency. By 
heating it in a glass tube, watery vapour is driven off. Fragments held by the pla- 
tina forceps in the flame of a spirit lamp decrepitate. Heated by the blowpipe on 
charcoal, it does not melt, a slight vitrification being sometimes observed on the 
edges, perhaps in consequence of the intermixture of some foreign substance. F used 
with soda, the silicic acid is dissolved. The other constituents are seen in the .non- 
transparent mass, by the help of a glass, as small yellow particles. Borax jields a 
yellow bead, which is colourless when cold. The phosphates produce in the external 
part of the flame a reddish glass, which is colourless when cold ; in the inner part of 
the flame the bead becomes yellow, and when cold is colourless. 

The mineral, 'Containing donarium, is readily decomposed by acids, and yields when 
treated by hydrochloric acid a clear and transparent gelatinous matter. At the same 
time some carbonic acid is evolved. The colour of the solution is deep yellow, like that 
of a concentrated solution of iron. The mineral is also affected by diluted acids, even 
by tartaric acid. After having been exposed to a strong heat, the essential parts of 
mineral are no longer acted upon even by concentrated acids. 

The analysis showed the presence of lime, water, and the new oxide, also some 
traces of magnesia, manganese, carbonate of soda, and iron. 

The oxide of donarium belongs to the class of earthy bodies, and ranks next to 
zirconia and yttria. The hydrate, which is thrown down by ammonia of a beautiful 
white colour, becomes yellow, and at last yellowish red, losing its hydrate water in the 
air. By heat the latter is completely removed, and the oxide, which is insoluble in 
muriatic acid, can be perfectly deprived by this acid of the contained iron. Analysis 
showed the constituents to be ; — 


Silicic acid - - . 

Oxide of donarium - 
Carbonate of lime - 
Oxide of iron 

Magnesia and oxide of manganese 

Potash and soda 

Water . . - 


17-625 
71-247 
4-042 
0-310 
0-214 
0-303 
6 900 


100-641 

See lire’s Dictionary of Chemistry. 

DONKEY ENGINE. A very small engine employed to pump water into boilers. 
If the use of the donkey engine was more usual than it is we should hear less of steam 
boijer explosions. » 

DOQP .-VRA RESIN. A resin obtained in considerable quantities in the East Indies 
from the Vateria Indica, which is used as a fragrant incense in the temples, makes 
an excellent varnish, and is sometimes called East Indian Copal, or Gum Pineg. 
— Simmonds. 

DORNOCK, is a species of figured linen of stout fabric, which derives its name 
from a town in Scotland, where it was first manufactured for table-cloths. It is the 
most simple in pattern of all the varieties of the diaper or damask style, and therefore 
the goods are usually of coarse quality for common household wear. It receives the 
figure by reversing the flushing of the warp and woof at certain intervals, so as to 
form squares, or oblong rectangles upon the cloth. The most simple of these is a suc- 
ces.sion of alternate squares, forming an imitation of a checker board or mosaic work. 
The coarsest kinds are generally woven as tweels of three leaves, where every thread 
floats over two, and is intersected by the third in succession. Some of the finer'are 
tweels of four or five leaves, but few of more ; for the six and seven leaf tweels are 
seldom or never used, and the eight leaf tweel is confined almost exclusively to 
damask. 

DOWW. See Fea-thebs. Down imported in 1857, 5,208 lbs. ^ 

DRAGON'S BLOOD ISang dracon, Fr. ; Drachenbliit, Germ.) is a resinous 
substance, which comes to us sometimes in small balls of the size of a pigeon’s egg, 
sometimes in rods, like the finger, and sometimes in irregular cakes. Its colour, in 
lump, is dark-brown red; in powder, bright red ; friable -, of a shining fracture; specific 
gravity 1-196. It contains a little benzoic acid, is insoluble in water, but dissolves 
readily in alcohol, ether, -and oils. It is b'ought from the East Indies, Africa, South 
America, as the protTaee of several trees, the Dracotna draco, the Pterocarpus sanla- 
linus, Pterocarpus draco, and the Calamus rotang. 
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Dragon’s bloods used chiefly for tingeing spirit and turpentine varnishes, for pre- 
paring gold lacquer, for tooth tinctures and powders, for staining marble, &c. Ac- 
q|>rding to Ilerbenger, it consists of 9-07 parts of red resin called Draconin^ 2 of fixed 
ou, 3 of benzoic acid, 1*6 of oxalate, and 3*7 of phc^phate of lime. According to 
Johnstone, the resin of lump dragon’s blood has the formula C"H**0*, that of reed 
dragon’s blood, 

Pereira, enumerates the following varieties of this substance found in commerce: — 

1. Dragon's blood in the reed; Dragon^s blood in sticks; Sanguis Draconis in 
hacuUs. 

2^ Dragon's blood in oval masses; DragorCs blood in drops; Sanguis Draconis in 
lachrymis^ 

3. Dragon's blood in powder. 

4. Dragon's blood in the tear ; Sanguis Draconis tn grants. 

5. Lump Dragon's blood ; Sanguis Draconis in massis. 

Besides these, there are DragorCs blood in cakes^ and False DragorCs blood in oval 
masses. 

DRAINING TILES. Burnt clay tiles, generally shaped in section like a horse 
shoe, about one foot long and two or three inches broad. These are much used in 
agricultural draining. See Stone-ware. 

DRAWING CHALKS. Chalks or crayons are frequently nothing more than the 
natural production reduced to a convenient form j they are, however, sometimes pre- 
pared artificially ; a few of these manufactures are named. 

The brothers Joel, in Paris, employ as crayon cement the following ccmiposition : 
6 parts of shellac, 4 parts of spirit of wine, 2 parts of turpentine, 12 parts of a 
colouring powder, such as Prussian-blue, orpiment, white lead, vermilion, &c., and 
12 parts of blue clay. The clay being elutriated, passed through a hair sieve, and 
dried, is to be well incorporated by trituration with the solution of the shellac in the 
spirit of wine, the turpentine, and the pigment ; and the doughy mass is to be 
pressed in proper moulds, so as to acquire the desired shape. 'I'bcy are then dried 
by a stove heat. 

In order to make cylindrical crayons, a copper cylinder is employed, about 2 inches 
in diameter, and IJ inch long, open at one end, and closed at the other with a per- 
forated plate, containing holes corresponding to the sizes of the crayons. The paste is 
introduced into the open end, and forced through the holes of the bottom by a piston 
moved by a strong press. The vermicular pieces that pass through are cot to the 
proper lengths, and dried. As the quality of the crayons depends entirely upon the 
fineness of the paste, mechanical means must be r<.soricd to for effecting this object in 
the best manner. The following machine has been found to answer the purpose 
exceedingly well. , 

Fig. 680 is a vertical section through the centre of the crayon mill. Fig. 681 is a 
view of the mill from above, a, the mill tub, whose bottom b must be a hard flat plate 
of cast-iron; the sides A being of wood or iron at pleasure. In the cen^<^the 
bottom there is a pivot c, screwed into a socket cast upon the bottom, and ‘’"^hich may 
be strengthened by two cross bars d, made fast to the frame e. f, the miUstone »>f 
cast-iron, concave, whose diameter is conriderably smaller than that of the vessel 
A; it is furnished within with a circular basin of wood o, which receives the mate- 
rials to be ground, and directs them tot he holes h, which allows them to pa.«;s down 
between the under part of the muller, and the bottom of the tub, to undergo tntur- 
ation. ’ . , « , , . 

By the centrifugal motion, the paste is driven towards the sides of the vesseU rises 
over the sides of the muller, and comes again through the holes n, so as to be 
repeatedly subjected to the grinding operations. This millstone is mounted upon an 
upright shaft I, which receives a rotatory motion from the bevel-work x, driven by 

the winch l. . . ^ * ki i 

The furnace in which some kinds of crayons, and especially the fiicWiou* black- 
lead pencils, are baked, is represented infg. 682. in a front elevation ; and mfig. es3, 
■which is a vertical section through the middle of the chimney, 

A A, six tubes of* greater or less size, according as the snfe^ce of the cjjjyooys “ 
better o^worse conductor of heat. These tabes, mto which the crayons intended fw 
baking are to be put, traverse horizontally the laboratoiy B of the furnace, and arc 
supported by two plates c, pierced with six square holes for covering the axle, of the 
tubes A. These two plates are hung upon a common axis n; one 



•thereby the. two’ plates c, and the s^ tubes A, thus expos^ iu 
action of tl^ fire in an equal manner upon each of their sides. At the 
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of the furnaces are two chimneys e, for the purpose of diffusing thereat more equally 
over the body of the crayons, f, j%. 682, is the door of the fire-place, by which the 



fuel is introduced; o^fig. 683, the ash-pit ; H, the fire-place ; i holes of the grate 
which separate the fire-place from the ash-pit ; k, brickwork exterior to the furnace. 

General Lomet proposes the following composition for red crayons. He takes the 
softest hepaatite, grinds it upon a porphyry slab ; and then carefully elutriates it. He 
makes it into plastic paste with gum arabic and a little white soap, which he forms by 
moulding, as above, through a syringe, and drying into crayons. The proportions 
of tile ingredients require to be carefully studied. 

Crayons or Chalks, lithographic. Various formul® have been given for the forma- 
tion of these crayons. One of these prescribes white wax, 4 parts; hard tallow-soap, 
shellac, of each 2 parts ; lamp black, 1 part. Another is, dried tallow-soap and white 
wax, ea^h fi parts ; lamp black, 1 part. This mixture being fused with a gentle heat, 
IS to be cast into moulds for forming crayons of a proper size. See Lithography. 

DRUGGET is a coarse, but rather slight, woollen fabric, used for covering carpets, 
and as an article of clothing by females of the poorer classes. — Vre. 

The manufacture of druggets of various kinds has been of late years considerably im- 
proved, and carpets, many of them handsomely fignred, are now found in common 
use. 

DRY GRINDING. The practice of employing dry stones has been long adopted 
for the purpose of quickening the processes of sharpening and polishing steel goods. 
The dry dust from the sand-stone, mixed with the fine particles of steel, being inhaled 
by the workmen, produces diseases of the pulmonary organs to such an extent, that 
needle and fork grinders are reported rarely to live beyond the ages of twenty-five or 
thirty. ^ 

Mr. Abraham, of Sheffield, first invented magnetic guards, which, being placed 
close to the grindstone, attracted the particles of steel, and thus protected the men 
from their influences. Still they suffered from the effects of the^fine sand* dust, and 
the gnndMTS heedlessly abandoned the use of them altogether. 

Mr. Abraham devised another plan, which is employed, although only partially, in 
the Sheffield works. The grindstone is enclosed in a wooden case, which only ex- 
poses a portion of the edge of the stone ; a horizontal tube proceeds as a tangent from 
the upper surface of the circle tA the external atmosphere. The current of air gener- 
ated by the stone in rapid revolution, escaping- throxigh the tube, carries off with it 
nearly all the dust arising from the process. It is curious to find so simple a con- 
trivance frequently rf^cted by the workmen, notwithstanding that sad experience 
teaches them, that they are thereby exposing themselves to the influences of an atmo-'- 
sphere which produces slowly but surely their dissolution. 
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DRYING OIf.S. When oils, especially linseed and nut oils, are boiled vpith litharge 
or oxide of lead, they acquire the property of solidifying or drying quickly on expo- 
sure to the atmosphere. These are very useful to the painter, as -without them the 
pigments with which they are mixed would remain soft. The oxide of lead appears 
to establish a state of more easy oxidation in the oils, so that they assume readily the 
conditions of a resin. 

DRY ROT. A peculiar decomposition which takes place in wood, dependent upon 
a process of oxygenation. See Wood. 

DUCTILITY {Stre^kbarckeit^ Germ.) is the property of being drawn out in length 
wi<4iout breaking, possessed in a pre-eminent degree by gold and silver, asalso by many 
other metals, by glass in the liquid state, and by many semifluid, resinous, and 
gammy substances. The spider and the silkworm exhibit the finest natural exercise 
of ductility upon the peculiar viscid secretions from which they spin their threads. 
When a body can be readily extended in all directions under the hammer, it is 
said to be malleable, and when into fillets under the rolling press, it is said to be 
laminable. 


Table of the Ductility and Malleability of Metals. 


Mct;ils Ductile and 
Malleable in Alpha- 
betical Order. 

Brittle Metals 
m 

Alphabetical Order. 

Metals in the Order 
of their Wire-drawing 
Ductility. 

Metals in the Order 
of their Laminable 
Ductility. 

Cadmium. 

Antimony. 

Gold 

■ Gold. 

Copper. 

Arsenic. 

Silver. 

Silver. 

Gold. 

Bismuth. 

Platinum. 

Copper. 

Iron. 

Cerium ? 

Iron. 

Tin. 

Iridium. 

Chromium. 

Copper. 

Platinum. 

Lead. 

Cobalt. 

Zinc. 

Lead. 

^lagncsium. 

Columbium? 

Tin. 

Zinc. 

Mercury, 

Iridium. 

Lead. 

Iron. 

Nickel. 

Manganese. 

Nickel. 

Nickel. 

Osmium. 

Molybdenum. 

Palladium? 

Palladium ? 

Palladium. 

Osmium. 

Cadmium? 

Cadmium ? 

Platinum. 

Rhodium. 



Potassium. 

Tellurium. 



Silver. 

Titanium. 



Sodium. 

Tungsten. 



Tin. 

Uranium. 



Zinc. 





There appears to be therefore a real difference between ductility and malleabMity ; 
for the metals which draw into the finest wire are not those which afford the thinnest 
leaves under the hammer or in the rolling press. Of this fact iron affords a good 
illustration. Among the metals permanent in the air, 17 are ductile and 16 an* brittle. 
Rut the most ductile cannot be wire-drawn or laminated to any considerable extent 
without being annealed frotti time to time during the progress of the extension, or 
rather the sliding of the particles alongside of each other, so as to loosen their lateral 
cohesion. 

DULSE. T'he lihodomen'm palmata. See Alc.e. 

DUNES. Low hills of blown sand, which are seen on the coasts of Cheshire and 
Cornwall, in this country, and also in many places skirting the shores of Holland and 
Spain. 

DUNGING, in calico-printing, is the application of a bath of cowdung, diffused 
tffbough hot water, to cotton goods in a particular stage of the mMufiacture. Dunging 
and scouring are commonly alternated, and are tiro of the most important steps in the 
process. See Calico Prixtixg. 

DUTCH LEAF or FOIL, a composition of copper and lime, or of Jgronze and 
copperHeaf. See Allots, Brass, and Bbonze Powders. 

DUTCH RUSH. Equisetum Hyemale. This rush is known also as (he Large 
branchless Horse-tail The dried stems arc much employed for polishing wood and 
metal. For this purpose they are generally imported from Holland. 

DYEING {Teinture, Fr. ; Fiirberei, Germ.) is the art of imparting to and fixmg 
upon wool, silk, cotton, linen, hair, and skins any colour, with sufficient tenacity, not 
to he removed by water or the ordinary usage to which fibrota bodi^ are 

exposed when worked up into articles of raiment or furniture. We shall here 
the general principle of the art, referring, for the particular dyes and tiw umiumt 




60 DYEING. 

treating the staflFs to he dyed, to the different tinctorial substances in^eir alphabetical 
order. 

Dyeing, although altogether a chemical process, and requiring for its correct e»l 
planation an acquaintance 'with the properties of the elementary bodies, and the laws 
which regulate their combination, has been practised from the most ancient times, 
long before any just views were entertained of the nature of the changes that took 
place. And it is still practised by many who know very little of chemical science, 
and, like many of the other chemical arts, its practice is often in advance of the 
science by which its principles are explainable. The art no doubt originated in that 
love of distinction inherent in the human mind, inducing man, for its gratificatron, 
to stain his dress or his skin with the gaudy colours of the vegetable kingdom. The 
earliest historical record speaks of coloured garments being worn as marks of dis- 
tinction for offices both political and religious, and also as marks of favour. Jacob 
gave his favourite son Joseph a coat of many colours, and Moses speaks of a raiment 
dyed blue, and purple, and scarlet, and of sheepskins dyed red, circumstances which 
indicate no small degree of tinctorial skill. He enjoins purple stuffs for the works 
of the tabernacle and the vestments of the high priests. 

In the article Calico PrinuTing, it has been shown from Pliny that the ancient 
Egyptians cultivated the art of dyeing with some degree of scientific precision, since 
they knew the use of mordants, or those substances which, though they impart no 
colour themselves, yet enable white robes (^Candida vela) to absorb colouring drugs 
{coloreni sorbentihus medicamentis). 

Tyre, however, was the nation of antiquity which made dyeing one of its chief 
occupations and a staple of its commerce, and it is asserted by all writers upon the 
subject, that the invention of the celebrated purple dye, known as the Tyrian purple, 
was made in that city, and the king of Phoenicia, being so captivated with the colour, 
it is stated that he made it one of his principal ornaments, and it became afterwards, 
and continued to he for many centuries, a badge of royalty. 

The discovery of the purple dye is said to have been made 1500 years before the 
Christian era. It must have met with a very early and general appreciation, and 
rapid commercial progress. As we find that, nine years after the above date, the 
children of Israel, an enslaved people, on their leaving Egypt, had in their possession 
large quantities of this dye, and it was extensively used by them, a short time after, for 
the furniture of the tabernacle and the vestments of the priests; and in after years 
this dye was always named amongst the valuable spoils of war : that it was the 
dress of royalty at a very early period, is indicated by the mention, amongst the 
spoils of the Midians collected by the Israelites, of the purple garments worn by 
their kings. 

The juice employed for communicating this dye was obtained from two different 
kinds of shell-fish, described by Pliny under the names oi purpura and 6Mccmw»i; and 
was extracted from a small vessel, or sac, in their throats, to the amount of only 
one 'Irop from each animal. A darker and inferior colour was also procured by 
crushing the whole substance of the buccmura. A certain quantity of the juice col- 
lected from a vast number of shells being treated with sea-salt, was allowed to 
ripen for three days; after which it was diluted with five times its bulk of water, 
kept at a moderate heat for six days more, occasionally skimmed to separate the 
animal membranes, and when thus clarified was applied directly as a dye to white 
wool, previously prepared for this purpose by the action of lime-water, or of a species 
of lichen called fucus. Two operations were requisite to communicate the finest 
Tyrian purple ; the first consisted in plunging the wool into the juice of the purpura ; 
the second, into that of the buccinum. Fifty drachms of wool required one hundred 
of the former liquor, and two hundred of the latter. Sometimes a preliminary tint 
was given with coccus, the kermes of the present day, and the cloth received merely 
a finish from the precious animal juice. The colours, though probably not nearly 
so brilliant as those producible by our cochineal, seem to have been very durable, for 
Plutarch says, in his Life of Alexander (chap. 36), that the Greeks found in the 
treasury of the king of Persia a large quantity of purple cloth, which was as beautiful 
as at first,^ough it was 190 years old. 

The quantity of purple, said to be found by Alexander in the treasury of uic king 
of Persia, is differently stated : — 1st, as amounting to 5000 talents; 2nd, as being 
of the value of 5000 talents ; 3rd, as weighing 5000 quintals. Besides these dis- 
crepant statements it is not clear jvvhether these values or weights refer to cloth dyed 
or to the dye drug, although it would be an important fact to know that the dye could 
be thus preserved for a length of time. Horace celebrates the Laconian dye in the 
following lines : — • 

Nec Laconicas mihi 

Trahunt honestse purpuras client® ; 
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which have hee^translated as — 

^ “ No honourable lady dependents 

Spin Laconian purple for my use.” 

Notwithstanding its almost universal use in more ancient times it gradually de- 
clined, so that, either from the difScuIty of collecting the dye, or the tedious com- 
plication of the dying process, so expensive was it that, about tbe commencement 
of the Christian era, one pound of the purple wool of Tyre cost, in Rome, about thirty 
pounds of our money. * 

Notwithstanding this enormous price, such was the wealth accumulated in that 
capital, that many of its leading citizens decorated themselves in purple attire, till the 
emperors arrogated to themselves the privilege of wearing purple, and prohibited 
its use to every other person. This frohibition operated so much to discourage this 
curious art as eventually to occasion its extinction, first in the western and then in the 
eastern empire, where, however, it existed in certain imperial manufactories till the 
eleventh century. 

Gage, Cole, Plumier, Reaumur, and Dnhamel have severally made researches con- 
cerning the colouring juices of shell-fish caught on various shores of the ocean, and 
have succeeded in forming a purple dye, but they found it much inferior to that 
furnished by other means. The juice of the bnccinnm is at first white ; it becomes 
by exposure to air of a yellowish green bordering on blue ; it afterwards reddens, 
and finally changes to a deep purple of considerable vivacity. These circumstances 
coincide with the minute description of the manner of catching the purple-dye shell- 
fish which we possess in the work of an eye-witness, Endocia Macrembolitissa, 
daughter of the Emperor Constantine VIII., who lived in the eleventh century. 

'fhe beautiful purple dye, which is now extracted from guano, is probably closely 
allied, both in property and appearance, to the Tyrian purple. 

Djeing seems to have been little cultivated in ancient Greece. The people of 
Athens generally wore woollen dresses of the natural colour, a circumstance forming 
a peculiarity in that nation, composed of a people who were such lovers of art. 

The Romans appear to have bestowed some care upon the art of dyeing. In the 
games of the circus parties were distinguished by colours. Four of these are de- 
scribed by Pliny, the green, the orange, the grey, and the white. The following 
ingredients were used by their dyers;— A crude native alum mixed with copperas, 
copperas itself, blue vitriol, alkanet, lichen rocellus or archil, broom, madder, woad, 
nut-galls, the seeds of pomegranate, and of an Egyptian acacia. , r ^ 

In Europe the progress of dyeing, as of all other arts, was completely stopped for 
a considerable time by war and invasion, and did not revive till about the begmnmg 
of the thirteenth century, and then so rapidly did its progress extend m some 
localities, that, towards the beginning of the fourteenth century, thwe 
than two hundred dyeing establishments in Florence. At tbe same time the Itajiaos 
and Venetians also prosecuted the art of dyeing to a large extent. 

The art of printing proved for the dyeing as well as other arts its ^{ pioneer 
and propagator. In the middle of the 16th 

printed, which gave general instmetions for dyeing all kinds of ^“^"^Yth'uvhont 
foundation for that improvement of this art, which soon after followed throughout 

■« 

the arts of Europe ; hence the beautiful dyes of India mamtamed ^ char^ 
ter ; and, to this day these dyes are produced by processes differing little from those 

the history of 7he art of dytiug. as from that country 
n%w dye-drugs, such as logwood, brazilwood, 

which, with the discovery of the use of tin as a mor<^ ,„a of such a death 

the dyer a facility and power of producing such a vane y ° 

durability, and lustre, that it is now difficult to conceive possible to have been pr 

duced in former tllnes. . ^ ^ dye,* hich it is_ 

■ AbofR the same time was discovered the art of g * dve-dme 

believed the ancients only knew as a pigment. Th_e 7 lrL7m ihf 


“ concerning which a writer in the 

“^IlgSSntxLSdheautif^^ 

which is adapted to form the most useful and substantial of alUyes, was actually oe 
• In India was discovered the mode of dyeing red, France md B^and 

rsll nl .5... nk-s* ««v, Ko wrnHtvrea OU COttOO. It WM inirOU«WJ« 


well as the ricliest tint that can be pi 
about the mlRdle of last century, and i 


o^li .‘n‘e^r,^’K“*SS ind p«nh«I». 
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nounced as a dangerous drug, and forbidden to be used, by our parliament in the reign 
of Queen Elizabeth. An act "was passed authorising searchers to burn both it and iog- 
■wood in every dye-house where they could be found. This act remained in full forc^ 
till the time of Charles II. ; that is, for a great part of a century. A foreigner might 
have supposed that the legislators of England entertained such an affection for their 
native woad, with which their naked sires used to dye their skins in the old times, 
that they would allow no outlandish drug to come in competition with it. A most 
instructive book might be written illustrative of the evils inflicted upon arts, manu- 
factures, and commerce, in consequence of the ignorance of tlfe legislature.” 

More recently another class of dye-drugs hare been introduced, and have sufr?r- 
seded some of those of the former century ; these are bichromate of potash, red and 
yellow prussiate of potash, manganese, catechu, arsenic, &c. 

Colours are not, properly speaking, material ; they are impressions which ve receive 
from the rays of light reflected, in a decomposed state, by the surfaces of bodies. It is 
well known that a white sunbeam consists of an mdetennicate number of differently 
coloured rays, which, being separated by the refractive force of a glass prism, form the 
solar spectrum, an image divided by Newton into seven sorts of rays ; the red, orange, 
yellow, green, blue, indigo, and violet. Hence, when an opaque body appears coloured, 
for example, red, we say that it reflects the red rays only, or in greatest abundance, 
mixed with more or less of the white beam, which has escaped decomposition Accord- 
ing to this manner of viewing the colouring principle, the art of dyeing consists in 
fixing upon stuffs, by means of corpuscular attraction, substances which act upon light 
in a different manner from the surfaces of the stuffs themselves. The dyer ought, there- 
fore, to be familiar with two principles of optics ; the first relatively to the mixture of 
colours, and the second to their simultaneous contrast. 

Whenever the different coloured rays, which have been separated by the prism, arc 
totally reunited, they reproduce white light. It is evident, that in this composition 
of light, if some rays were left out, or if the coloured rays be not in a certain proportion, 
we should not have white light, but light of a certain colour. For example; if we 
separate the red rays from the light decomposed by a prism, the remaining coloured 
rays will form by their combination a peculiar bluish green. If we separate in like 
manner the orange rays, the remaining coloured rays will form by their combination 
a blue colour. If we separate from the decomposed prismatic light the rays of greenish 
yellow, the remaining coloured rays will form a violet. And if we separate the rays of 
yellow bordering on orange, the remaining coloured rays will form by their union an 
indigo colour. 

Thus we see that every coloured light has such a relation with another coloured light 
that, by uniting the first with the second, we reproduce white light; a relation which 
we express by saying that the one is the complement of the other. In this sense, red 
is the complementary colour of bluish green; orange, of blue; greenish yellow, of 
violet; and orange yellow, of indigo. If we mix the yellow ray with the red, we 
pro(fece orange ; the blue ray with the yellow, we produce green ; and the blue with 
the red, Ve produce violet or indigo, according as there is more or less red relatively 
to the blue. But these tints are distinguishable from the orange, green, indigo, and 
violet of the solar spectrum, because when viewed through the prism they are reduced 
to their elementary component colours. 

If the djsBp tries to realise the preceding results by the mixture of dyes, he will 
succeed only with a certain number of them. Thus, with red and yellow he can make 
orange; with blue and yellow, green ; with blue and red, indigo or violet. These 
facts, the results of practice, have led him to the conclusion that there are only three 
primitive colours ; the red, yellow, and blue. If he -attempts to make a white, by 
applying red, yellow, and blue dyes in certain quantities to a white stuff, in imitation 
of the philosopher’s experiment on the synthesis of the sunbeam, far from succeeding, 
he will deviate still further from his purpose, and the stuff will by these dyes become 
coloured of a depth varying according to the quality of the stuff used ; until a Ml 
black is produced. Nevertheless, the principle is applicable, and in many cases 
adopted in practice by blending the yellow, red, and blue rays in order to produce or 
improve ^ otherwise imperfect white. When a little ultramarine, cobalt blue, 
Prussian tnue, or in^go is applied to bleached goods with the view of giviiTg them 
the best possible white, if only a certain proportion be used, the goods will appear 
whiter after this addition than before it. In this case the violet blue forms with the 
brown yellow of the goods a mixture tending to white, or less coloured than the 
yellow of the goods and the blue^ jeparately were. For the same reason a mixture of 
Prussian blue and cochineal pink, or archil and cudbear, is used for whitening of 
silks in preference to a^ure blue, for on examining closely the colour of the silk to be 
neutralised, it was found by the relations of the complementary colours, that the 
violet was more suitable than the pure blue ajpne. The dyer should know, that* 
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Vhen he applies i^everal different colouring matters to stuff, as yellow and blue 
separately, they will appear green, not because the colouring matters have combined, 
b>t because the eye cannot distinguish the points which reflect the yellow from those 
w^hich reflect the blue, and it is this want of distinction that produces the combined 
colour. With such a dye the colour will appear of different tints, the blue or yellow 
prevailing according to the position in which it is placed to the eye^ whether seen 
by reflected or transmitted, light, but when the dye applied to the stuff is in chemical 
union, producing a green, such as arsenite of copper the yellow and blue rays cannot 
be thus distinguished. 'Either instances of mixed colours will be seen by examining 
cert;wn grey substances, such as hairs, feathers, &c. with the microscope, by which 
it is seen grey colour results from black points disseminated over a colourless or 
slightly coloured surface. The microscope may be thus usefully applied by the dyer 
to distinguish whether a colour be the result of a mixed or a combined dye. 

The dyer should also be acquainted with the law of the simultaneous contrast of 
colours. When the eye views two colours close alongside of each other, it sees 
them differing most, in the height of their tone, when the two are not equally pale or 
full-bodied. They appear most different, when the complementary of the one of them 
is added to the colour of the other. Thus, put a green alongside of an orange, the 
red colour complementary of green being a^ed to the orange, will make it appear 
redder. And in like manner, the blue complementary of orange being added to the 
green, will make it appear more intensely blue. 

It is not sufficient to place complementaiy colours side by side to produce harmony 
of colour, the respective intensities haying a most decided influence ; thus, pink and 
light green agree, red and dark green aI<o; but light green and dark red, pink and 
dark green do not, therefore, to obtain the maximum of effect and perfect harmony, 
the following colours must be placed side by side, taking into account their exact 
intensity and tint. 


Primitive Colour. 


Secondary Colours. 


Ked - - . 

Green 

Blue 

Orange 

Yellow orange - 

Indigo - 

Greenish yellow 

Violet 

Black 

- White 


‘Light blue 
■ Yellow 
Red 
'Red 
< Yellow 
.Blue 
' Blue 
Red 
Yellow 
'Red 
• Blue 
iYeUow 
f Yellow 
{ Blue 
(Red 


The mixed contrast gives the reason why a brilliant colour should never be looked at 
for any length of time, if its true tint or bnlliancy is to be appreciated; for if a person 
looks, for example, at a piece of red cloth for a few minutes, green, its complementary 
colour is generated in the eye, and adding itself to a portion of the red, produces 
black, which tarnishes the beauty of the red. This contrast explains why the shade 
of a colour, may be modified according to the colour which the eye has previous 
looked at, either favourably or otherwise. An example of the first instance is noticed, 
when the eye first looks to a yellow substance, and then to a purple one ; and as 
exemplifying the second case looking at a blue and then at a purple. 

The relations of dyeing with the principles of chemistry, constitute the theory of 
the art, properly speaking ; this theory has for its basis the knowledge — 

1st. Of the nature and properties of the bodies which dyeing processes bring into 
contact. 

2nd. Of the circumstances in which these bodies are brought together, facilitating 
or retarding their action. 

3rd. The phenomena which appear during their action ; and, 

4th. Properties of the coloured combinations which are produced. 

The first of these generalities embrace a knowledge of the preparations, which 
stuff necessarily undergoes previous to dyeing, and also the preparations of the dye* 
drug before bringing it into contact with the stuff. 

The operations to which staffs are subjected before dyeing, ai? intended to separate 
'H’rom them smy foreign matters which may have become attached, or ara naturally 
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inherent in the stuff. The fonner are such as have been adde^ in the spinning, 
weaving, or other manipulations of the manufacture, and are all removed by 
steeping in an alkaline lye and washing. The second are the natural yellow colourif g 
substances which coat some of the various fibres, both vegetable and animal ; and the 
chlorophylle, or le^-green of vegetables. The removal of these is generally effected 
by boiling in soap and alkaline lyes. A weak bath of soda, in which the staff is 
allowed to steep for some time, and then washed in water, is generally the only pre- 
paration required for wool, in order that it may take on a uniform dye. 

To remove the gummy or resinous matter from silk, it retfuires boiling in soap lye ; 
however, its removal is not essential to the stuff combining with the dye, as silk is (sften 
dyed while the gum remains in it, in which case it is only rinsed in soap lye at a very 
moderate heat, to remove any foreign matters imbibed in the process of manufacture. 

Vegetable fibre, as cotton, has such natural resinous matters that retard the re- 
ception of the dye removed by boiling, either with or without alkaline lyes ; but the 
natural dun colour of the fibre is not removed, which from the laws of light and 
colour already referred to, would interfere with the production of bright light tints; 
under these circumstances, the natural colour of the fibre has to be previously removed 
by bleaching, for which see the article. Bleaching. 

The necessary preparation of the dye-drugs within the province of the dyer, is to 
obtain the colour in a state of solution, so as to allow the fibre to absorb it, and to 
produce chemical combination, or to get the d}’e or colour in such a minute state of 
division as it will penetrate or enter into the fibre of the stuff. These preparations 
embrace the formation of decoctions, extracts, and solutions, and also in some cases of 
precipitation, previous to immersing' the stuff into the bath. Stuffs, chemically 
considered, have but a feeble attraction for other matters, so as to combine with them 
chemically ; still that they do possess certain attractions is evident from various 
phenomena observed in the dyeing processes, and that this attraction is possessed 
with different degrees of intensity by the different fibres, is also evident from the ease 
and permanence that woollen stuff will take up and retain dyes compared with 
cotton ; and also, that certain dyes are retained and fixed within or upon one kind of 
fibre and not at all in another. This may be determined by plunging the dry stuff 
into solutions of the salts, and determining the density of the solution before the 
immersion and after withdrawing the stuff. Wool abstracts alum from its solution, 
but it gives it all ont again to boiling water. The sulphates of iron, copper, and 
zinc, resemble alum in this respect Silk steeped for some time in a solution of 
protosulphate of iron, abstracts the oxide, and gets thereby dyed, and leaves the 
solution acidulous. Cotton in nitrate of iron produces the same effect. 'Wool put in 
contact with cream of tartar, decomposes a portion of it ; it absorbs the acid within its 
pores, and leaves a neutral salt in solution in the liquor. Cotton produces no such 
effect with tartar, showing by these different effects that there are certain attractions 
between the stuff and dyes. This attraction, however, may be more what is termed 
a tatalytic influence, the fibres of the stuff producing a chemical action with the salt 
or dyel'with which it is in contact. This attraction or affinity of the fibre for the 
dye-drug, does not produce a very extensive effect in the processes of dyeing. More 
probably the power of imbibing and retaining colours possessed by the fibre is more 
^^ependent upon a mechanical than a chemical influence. 

All dye-dmgs must in the first instance be brought into a state of solution, in order 
that the' dye may be imbibed by the fibre ; but if the fibre exerts no attraction for the 
colour so as to retain it, it is evident that so long as it remains capable of dissolving 
in water, the stuffs being brought into contact with water, will soon lose their colour. 
A colour thus formed does not constitute a dye, however strongly stained the stuffs 
may appear to be, in or out the dyeing solution; in order to form a dye, the colour 
must be fixed upon or within the stuff, in a condition insoluble in water. Hence 
the mere immersion of the stuff into a solution of a colour will not constitute a ^ye, 
except where the stuff really has an attraction for the colour and retains it, or causes 
a decomposition by which an insoluble compound is fixed upon it, such as referred to 
r' by putting stuffs into solutions of iron. The abstraction of the colour from a solution 
by the immersion of the stuff, is often the result of a mechanicalisttraction possessed 
by porofi substances, enabling them to absorb or imbibe certain colourii^ matters 
from solutions that are held by a weak attraction by their solvents. On this principle, 
a decoction of cochineal, logwood, brazil-wood, or a solution of sulphate of indigo, 
by digestion with powdered bone black, lose their colour, in consequence of the 
colouring particles combining K^a kind of capillary attraction with the porous carbon, 
without undergoing any change. The same thing happens when well scoured wool 
is steeped in such cojoured liquids; and tlTe colour which the wool assumes by its 
attraction for the dye, is, with regard to most of the above coloured solutions, but 
feeble and fugitive, since the dye may be again abstracted by copious washing with 
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Simple water, who^ attractive force therefore overcomes that of the wool. The aid 
of a high temperature, indeed, is requisite for the abstraction of the colour from the 
w^ol and the bone-black, probably by enlarging the size of the pores, and increasing 
the solvent power of the water. 

Those dyes, whose colouring matter is of the nature of extractive, form a faster 
combination with stuffs. Thus the yellow, fawn, and brown dyes, which contain 
tannin and extractive, become oxygenated by contact of air, and insoluble in water ; 
by which means they can impart a durable dye. When wool is impregnated with 
decoctions of that kind, its pores get charged by capillarity, and when the liquid 
oxygenated, they remain filled with a colour now become insoluble in water, 
1 he fixation of iron oxide and several other bases also depends on the same change 
within the pores or fibre, hence all salts that have a tendency to pass readily into the 
basic state are peculiarly adapted to act as a medium for fixing dyes ; however, this 
property is not essential. 

In order to impart to the stuffs the power of fixing the colour in an insoluble form 
upon it, recourse is had to other substances, which will combine with the soluble and 
form with it an insoluble colour ; and it is not necessary that this new substance 
should have an attraction for the stuff, or be capable of passing into a basic form, any 
more than the original colour, but it is necessary that it be rendered insoluble while 
in contact with the stuff. 

Such substances used to unite the colour with the stuff have been termed mordants, 
which meant that they had a mutual attraction for the stuff and colour, and combining 
with the stuff first, they afterwards took up the colour ; but this is only so in some 
instances. A few examples will illustrate the bearing of these mordants. If a piece 
of cotton stuff is put into a decoction of logwood, it will get stained of a depth accor- 
ding to the colour of the solution, but this stain or colour may be washed from the 
cotton by putting it into pure water, the colour being soluble. If another piece of 
cotton stuff be put into a solution of protosulphate of iron, and then washed from this, 
a portion of the iron will have undergone oxidation, and left the acid, and become 
fixed upon the fibre and insoluble in water. W'hether this oxidation is the result of 
an influence of the stuff, or the effect of the oxygen of the air and water in which the 
goods are exposed, it does not matter meantime, only this fixed oxide constitutes an 
example of a mordant by its combining with the stuff. If this stuff is now put into 
a decoction of logwood, the colouriug matter of the logwood will combine with the 
oxide of iron fixed upon the fibre, and form an insoluble colour, which after washing 
will not remove from the stuff. If, instead of washing the stuff from the sulphate of 
iron solution in water, it be passed through an alkaline lye of sods or potash, the 
acid holding the iron in solution is taken hold of by the alkali, and removed. The 
oxide of iron is thus left upon the stuff, in a much larger quantity than in the 
former case, and as firmly fixed, although not by any attraction between it and the 
fibre, but simply being left within it. And this stuff being now pot into the logwood 
liquor, will form a dye of a depth according to the quantity of iron thus fixed npnn 
the stuff, and equally permanent with that which had been fixed on the stuff 3y the 
oxidation in working. 

Such tiien are the methods of fixing within the stuff insoluble coloure from^ soluble 
compounds, and from these remarks the necessity of having the dye in solution will 
also be evident. 

Suppose again that the sulphate of iron be mixed with the logwood decoction, there 
will be produced the same colour or dye as an insoluble precipitate : if the cotton 
stuff is put into this, no colour worthy of the name of a dye will be obtained, as the 
cotton will not imbibe within its fibre this precipitate. Place woollen stuff m the same 
liquid, there is formed a very good dye, the woollen fibre having imbibed a great por- 
tion of the solid precipitate, probably owing to woollen fibres being much larger than 
thosq of cotton. Thus, with cotton and other stuff that will not imbibe fteely solid pre- 
cipitates, the mordant must be fixed within the fibre previous to applying the colouring 
substances, such as the vegetable decoctions. It will also be s^n that the dye which 
is the product of combination between the mordant and colour is not that of the natural 
colour of the drug, b?it the colour of the compound. Hence the great variety^of tints 
capable oPbeing produced from one dye-drug, by varying either the kind or intensity 
of the mordant. So that in the above instances, it is not the colour of the hematoxylin 
fixed on the stuff, but its compound with iron, or tin, or alumina, as the case may be, 
all of which give different tints. ^ , • » • » t. 

It is upon this principle of rendering bases insoluole while within the fibre by 
chemical means, that has brought to the use of the dyer a great number of mineral 
dyes which in themselves, whether separate or combined, have attraction whatevCT 
for the fibre ; such fts solutions of sulphate of copper, and yellow pn^iate of pc^sn, 
nitrate of lead, and bichromate of pota^, &c. Suppose the stuff to be dyed a yellow 
VoL II. ^ F 
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by tbe two last Bamed salts, was first put into the solution of and then washed 
previous to being put into the bichromate solution, the greater portion of the lead 
would be dissolved from the stuff, and a very weak colour would be obtained. If 
stuff from the lead solution was put directly into the bichromate solution, a very good 
dye would be the result ; but the portion of the solution remaining upon the surface of 
the stuff will combine with the chrome and form a precipitate which the fibre cannot 
imbibe, but will form an external crust or pigment upon the surface, which blocks up 
the pores, and exhausts to no purpose the dye, causing great waste : hence the stuff 
from the solution of lead is put into water containing a little soda or lime, and the 
lead is thus reduced to an insoluble oxide within the fibre. The goods may n^ he 
washed from any loose oxide adhering, and then passed through the bichromate 
solution, when the chromic acid combines with the oxide of lead, forming a permanent 
yellow dye. Thus it will be seen that whether the combination of the colour with 
the stuff be chemical or mechanical the production of the dye which is fixed upon the 
fibre is certainly a chemical question, and the dyer should be familiar with the nature 
and principles of these reactions. 

There are a few instances where the dye produced docs not come within the sphere 
of these principles, there being no mordants required, nor any combination of the 
colour formed within the stuff, but the dye-drug in its natural hue is fixed within the 
fibre. Such colours have been termed to distinguish them from those pro- 

duced by means of mordants, which are termed adjective. Amongst this class of dyes 
and dye-drugs stands pre-eminent indigo blue. Indigo in its natural state is entirely 
insoluble in water, and is of a deep blue colour. The composition of this blue indigo 
is represented as — 

Carbon - - - 16 1 Nitrogen - - 1 

Hydrogen - - 5 | Oxygen - - - 2 


But it is found capable of parting with a portion of the oxygen, and by so doing, 
losing entirely its blue colour ; and in this deoxidised condition it is soluble in alkaline 
lyes and lime water; this colourless compound is termed indigogene. The opinion 
of Liebig upon the constitution of this sul^tance is, that indigo contains a salt radical, 
which he terms Anyle, composed of He considers that indigogene or white 

indigo is the hydrated protoxide, of this radical, and that blue indigo is the peroxide, 
represented thus — 

^ . C H N O Water. 


Salt radical, anyle 



- 16 

5 1 

0 

0 

Indigogene 

- 

- 

- 16 

5 1 

1 

1 

Blue Indigo 

- 

- 

- 16 

5 1 

2 

0 


Advantage is taken of this property of indigo, of parting with its oxygen and becom- 
ing soluble, to apply it to dyeing, and it is effected by the following means, when for 
the purpose of dyeing vegetable stuff, as cotton ; and from the circumstance of these 
ofierations being done cold, the method is termed the cold vat, which is made up as 
follows : — The indigo is reduced to an impalpable pulp, by being ground in water to the 
consistence of thick cream. This is put into a suitable vessel filled with water, along 
with a ([uantity of copperas, and newly slaked lime, and the whole well mixed by 
stirring. After a short time the indigo is deoxidised and rendered soluble by a por- 
tion of the lime which is added in excess, the reaction being represented thus : 


1 . Indigo, composed ^ ' * ' 


2 . Copperas 


3. Lime - 


{ Protoxide of Iron 
Protoxide of Iron 
Sulphuric Acid . 
Sulphuric Acid . 

r Lime 

< Lime 

(^Lime 



Dyeing Solution, 


Peroxide of Iron. 


Sulphate of Lime. 
Sulphate of Lime. 


The peroxide of iron and sulphate of lime are precipitated to the bottom, and the indi- 
gnuene and lime form a solution of a straw colour, with dark veins through it. 

The operation of dyeing by this solution is simply immersion, technically,' rfippina. 
The stuff by immersion imbiSbs the solution, and when taken out and exposed to 
the air, the indigogene upon and within the fibre rapidly takes oxygen from the atmo- 
sphere, and becomes indigo blue, thus' forming a permanent dye, without any 
necessary attraction between the indigo and the stuff. 

'The indigo vat for wool and silk is made up with indigo pulp, potash^ madder, an'd 
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^ran. In this va^^he extracts of madder and bran perform the deoxidising functions 
of the copperas in the coM vat, by undergoing a species of fermentation. ^ 

iJPastel and wood, either alone or with the addition of a little indigo, is also used for 
the dyeing of wool and silk stuflP, the deoxidation being effected by the addition of 
bran, madder and weld. In dyeing with these rats, the liquor is made warm, and they 
require much skill and experience to-manage, in consequence of their complexity, 
being always liable to go out of condition, as the dyeing goes on, by the extraction of 
the indigogene and the modification of the fermentable matter employed to deoxidise 
the indigo to supply that loss. The alkaline solvent also undergoes change, so there 
must-be successive addition of indigo and alkali ; the principal attention of the 
dyer is the maintaining the proper relation of these matters, as too much or too little 
of either is injurious. 

Sulphate of indigo forms an intense blue solution, unaffected also by mordants, 
^^egetable stuffs dipped in this retain no dye, for the washing off the acid in order to 
preserve the fibre removes the colour ; but animal fibre, such as woollen and silk, 
becomes dyed j a portion of the blue remains upon the stuff after washing off the acid, 
being retained by capillary attraction. This dye is termed Saxon blue, but it has very 
little of the permanence of indigo or vat blue, although it is also a substantive colour. 

Another truly substantive colour is that dyed by carthamus or safflower, but the 
fixation of this dye upon the stuff differs from any of those referred to. Like indigo, 
it has no affinity for any base or substance capable of forming a mordant; its solvent 
is an alkali, but in this dissolved state it does not form a dye. I’he mode of 
proceeding in dyeing with carthamus is first to extract the dye from the vegetable 
in which it is found, by soda or potash, which is afterwards neutralised by an acid 
previous to dyeing, which renders the colour insoluble, but in so fine a state of division 
that no precipitation can be seen for some time and the stuff immersed in this imbibes 
the colour within its fibre, its lightness assisting this action, as the precipitate will 
remain suspended in water for days before it will subside. Vegetable fibre takes up 
this dye as easily as animal, but whether by an attraction for the stuff, or by a 
mechanical capillary attraction of the fibre is not so easily determined. A piece of 
stuff suspended in a vessel filled with water, having in it some insoluble carthamine, 
all the colouring particles will flow to and combine with the fibre from a considerable 
distance, giving a proof of the existence of some force drawing them together. 

Such then are the various conditions and principles involved in the processes of 
fixing the dye within or upon the stuff. 

l>hring the operations of dyeing there are certain circumstances which have to be 
attended to, in order to facilitate and effect certain hues or tints of colour. Thus, 
with many of the colouring substances, heat not only favours but is necessary for 
the solution of the dye, and also its combination with the stuff or mordant Decoctions 
of woods are always made by hot water, and the dyeing processes with decoctions are 
in hot liquor. When the colouring matter of quercitron bark is extracted by bmling 
water, the colour produced upon the stuff will he a rich amber 
extract be made by water at 180° Fahr., a beautiful lemon yellow will be the dje pro- 
duced by it, using the same mordant in each case. Colours dyed hy madder and 
Barwood must be done at a boiling heat daring the whole process, or no dye is effected. 
Sumach, another astringent substance, is most advant.ageously applied at » 
heat; and in order to have a large body of this dye fixed upon the stuff, n should Iw 
immersed in the liquor while hot and allowed to cool together, during which the 
tannin of the dye undergoes some remarkable change m contact with the staff. 
Safflower dyes are kept cold, so are tin bases. Prussian blues, and chrome yellows: by 
applying heat to the last a similar result is effected to that with bark; instead of a 
lemon yellow an amber yellow will be obtained. Almost all colours are affected le^ 
or more by the temperature at which they are produced. Some mordants 
upon the stuff by he^, such as acetate of alumina, the stuff being dned from a s°l“tion 
of tuis salt at a high temperature loses part of the acid by ^“8 
remains upon the fibre an insoluble suboxide, which fixM the dye. ,„i 

J-especting the methods apply more particularly to vegetable stuffs, 
many cases also to'silk, but wool is always dy^ at a high ^ r .„j 

seems to ?^ve a much greater absorbing power than cotton, t e la e ~ , 

become strongly dyed in a cold dye batfa, in wbiA wooi ® 

apply heat ani the wool will be deeply dyed, and the dye much more permanent than 

^ \^e*pe‘rmancnce of colours is another property vTi be A 

practical dyer, as the colour must not be brongI.t_unJer^ circumsW 


practical ayer, as me coiour mu^^ uu*, ^ , 

destroy its permanency daring any *be operations of the d* . ^ 

permanent, however, does not mean /a*(, which erm Prawian 

iat wiU resist all ordinary operation of destruction. As for instance, a rrewi 
' » S 
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blue is a permanent colour but not a fast colour, as any alkaline Matter will destroy 
it, or a common black is permanent, although any acid matters will destroy it ; 
while Turkey red is a fast colour and not affected by either acid or alkaline matte' -s. 
A few of the circumstances affecting colours in the processes they are subjected to may 
be referred to in this place. If, for instance, the air in dr\ ing the dyed stuff in a 
hot chamber be moist, there is a great tendency to the colour being impaired in 
these circumstances. For example, a red colour dyed with safflower w’ill pass into 
brown, a Prussian blue will pass into a grey lavender, chrome yellows take an amber 
tint. Mostly all colours are affected less or more by being subjected to strong heat 
and moisture ; even some of those colours termed fast are affected unde%i such 
circumstances. A dry heat has little or no effect upon any colour, and a few colours 
are made brighter in their tint by such a heat, as chrome orange, indigo blue, on 
cotton, &c. 

Some of these effects of heat and moisture differ with different stuff; thus indigo 
blue upon cotton is not so much affected as indigo blue upon silk, while safflower red 
upon cotton will be completely destroyed before the same colour upon silk will be 
perceptibly affected. The same colouring matter fixed by different mordants upon 
the same stuff is also differently affected under these conditions. 

Light is another agent effecting a great influence upon the permanence of colours, 
which should he also considered by the dyer. Reds dyed by a Brazil wood and a 
tin mordant, exposed to the light, become brown; Prussian blue takes a purple tint ; 
yellow becomes brownish ; safflower red, yellowish, and these changes are facilitated 
by the presence of moisture ; such as exposing them to strong light while drying from 
the dye bath, either out or within doors. The direct rays of the sun destroy all 
dyed colours ; even Turkey red yields before that agency. 

Boiling was formerly prescribed in France as a test of fast dyes. It consisted in 
jolting a sample of the dyed goods in boiling water, holding in solution a determinate 
JpSaUitUy of alum, tartar, soap, and vinegar, &c. Dufay improved that barbarous test. 
He considered that fast-dyed cloth could be recognised by resisting an exposure of 
twelve hours to the sunshine ofsummer, and to the midnight dews; or of sixteen days 
in winter. 

In trying the stability of dyes, we may offer the following rules : — 

That every stuff should be exposed to the light and air; if it be intended to be 
worn abroad, it should be exposed also to the wind and rain ; that carpets moreover 
should hk subjected to friction and pulling, to prove their tenacity ; and that cloths 
to be washed should be exposed to the action of hot water and soap. However^ such 
tests are not at all applicable to most of the colours dyed upon cotton stuff. Not 
many of them can stand the action of hot water and soap, or even such acids as the 
juice of fruits. Indigo blue, one of the most permaneiit dyes on cotton, yields its 
^^ntensity to every operation of washing, even in pure water. 

DelavaPs observations on the nature of dyes may be thus summed up. In tran- 
s^arept coloured substances, the colouring substance does not reflect any light ; and 
when, by intercepting the light which was transmitted, it is hindered from passing 
through substances, they do not vary from their former colour to any other colour, 
but become entirely black ; and he instances a considerable number of coloured 
liquors, none of them endued with reflective powers, which, when seen by transmitted 
light, appeared severally in their true colours ; but all of them, when seen by incident 
light, appeared black ; which is also the case of black cherries, black currants, black 
berries, &c., the juices of which appeared red when spread on a white ground, or 
otherwise viewed by transmitted instead of incident light ; and he concludes, that 
bleached linen, &c. “when dyed with vegetable colours, do not differ in their 
manner of acting on the rays of light, from natural vegetable bodies ; both yielding 
their colours by transmitting, through the transparent coloured matter, the light which 
is reflected froin the white ground : " it being apparent, from different experiments, 
“ that no reflecting power resides in any of their components, except in their white 
matter only,” and that “ transparent coloured substances, placed in situations by which 
transmission of light through them is intercepted, exhibit no colour, but become 
entirelyf^black.” ^ 

The art of dyeing, therefore (according to Mr. Delaval), “ consists pi^ncipally in 
covering white substances, from which light is strongly reflected, with transparent 
coloured media, which, according to their several colours, transmit more or less 
copiously the rays reflected ^cra the white,” since " the transparent media them- 
selves reflect no light ; and it is evident that if they yielded their colours by reflect- 
ing instead of transmitting the rays, the whiteness or colour of the ground on 
which they are app^ed would not in anywise alter or affect the colours which thiy 
exhibit.” 

But when any opaque basis is interposed, .<he reflection is doubtless made by it, 
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father than by tlr^ substance of the dyed wool, silk, &c., and more especially when 
such basis consists of the white earth of alum, or the white oxide of tin; which, by 
tl^ir strong reflective powers, greatly augment the lustre of colours. There are, 
moreover, some opaque colouring matters, particularly the acetous, and other solu- 
tions of iron, used to stain linen, cotton, &c., which must necessarily themselves 
reflect instead of transmitting the light by which their colours are made perceptible. 

The compound or mixed colours are such as result from the combination of two 
differently coloured dye stuffs, or from dyeing staffs with one colour, and then with 
another. I'he simple colours of the dyer are red, yellow, blue, and black, with which, 
wheijs skilfully blended, he -can produce ev<yy variety of tint. Perhaps the dun or 
fawn colour might be added to the above, as it is directly obtained from a great many 
vegetable substances. 

1. lied with yellow, produces orange; a colour, which upon wool is given usually 
with the spent scarlet bath. To this shade maybe referred flame colour, pome- 
granate, capuchin, prawn, jonquil, cassis^ chamois, cq/e au laitf aurora, marigold, 
orange peel, mordores, cinnamon, gold, &c. Snuff, chestnut, music, and other shades 
are produced by substituting walnut peels or sumach for bright yellow. If a little blue 
be added to orange, an olive is obtained. The only direct orange dyes are annotto, 
and siibchromate of lead. See Sflk and Wool Dyeikc. 

The latter is never used for dyeing orange upon silk and wool, while the former is 
now never used for cotton. An orange with annotto is very fugitive, even ujion the 
animal fibre ; but much more so upon cotton. Suhehromate of lead is produced upon 
cotton by dyeing it first a deep chrome yellow by acetate of lead and bichromate of 
potash, as already noticed, and then passing the stuff so dyed through a hot solution 
of an alkali or lime, which changes the dye from the yellow chromate to the state of 


subchromate, which is deep orange. 

2. Red with blue produces purple, violet, lilac, pigeon’s neck, mallow, peach- 
blossom, bhu de roj, lint-blossom, amaranth. 

Tims a Prussian blue dved over a safflower red, or vice versa, will produce any of 
these tints by varying the depth of tiie red and blue according to the shade required ; 
hut the same shades can be produced direct by logwood and an aluminous or tin 
mordant ; the stuff being steeped in sumach liquor previous to applying the tm 
mordant produces the reddish or purple tint when such is required. 

‘I. Red with black 5 brown, chocolate, maroon, &c. These tints are produced by 
various processes. To dye a deep orange by annotto liquor, and then form over it a 
black by sumach and sulphate of iron, gives a brown ; or dye the stuff first a 
yellow by quercitron and a tin mordant, and then over the yellow produce a purple by 
passing it through logwood; chocolates are thus produced. A little Brazil wo^ with the 
logwood gives more of the red element AVhen maroon is required, the red is made 
to prevail, and so by a judicious mixture, these various tints are produced. Brown, 
especially upon cotton fibre, is more often produced direct by means of catechm 
Steep the stuff in a hot solution of catechu, in which the gummy ^ 

destroyed by the addition of a salt of copper ; then pass through a solution of bichro- 
mate of potash at boiling heat, when a rich brown is obtained. 

4 Yellow with blue ; green of a great variety of shades ; such as ^ 

green, grass green, spring green, laurel green, sea green, celadon green, p g » 

a yellow over a blue. In almost all cases the blue is dyed first, and 

according to the depth of each or any of these are the various tints ^ 

With silk and wool, one kind of green dye may he S 

pntting sulphate of indigo into the yellow dye bath, and then ^ 

prepared or mordanted stuif in this. With cotton, an arsenite “f '“Pf " * 

Uln) may be produced by working the stuff in a solution of 

soda, and then in sulphate of copper, which produces a Pf “'‘f 

5. Mixtures of colours, three and three, and four and four, . "““r' * 

diversity of tints ; thus, red, yellow, and blue form 

in which the blue dye ought always to be first g^M, e .fption ot the vat 

soiled bylither colours, or the other colours sailed by the 

lied, yellow, and grey (which is a gradation of black) give of 'shades; 

as dark orange, snuff colour, &c. Red, blue and grey gi' e ton mimerous to 

as lead grey, slate grey, wood-pigeon grey, and o,thcr colours too numerous to 


specify. See Brown Dye. 

Care 

tint reqnired ; as, 

-first by dyeing a 1 
of a slate gcay, a purple or peach. 


Care must he taken, however, in mixing these colours, to ^‘'^y 
-It required ; as, for instance, were we wishing to dye a 
Jrst by dyeing a bine, then a red, wiA a to, appU« only to the 

f3 
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elements of the colours that enter into the composition of the varioas tints, so that a 
slate grey is a blue with a small portion of red, and a still smaller portion of the black 
element, that produces the, grey tint. Thus, dye the stuff first a deep sky blue by t^e 
vat, then by passing through a solution of sumach, with a small quantity of logwood, 
Brazil wood, copperas, and alum, grey will be produced. The Brazil wood gives the 
red tint, sumach and copperas the black tint, the logwood assisting in this, and with the 
aid of the alum throwing in the puce or dove neck hue ; and thus by the variation of 
these hues by such arrangements, any of the grey tints can be produced. See Calico 

DYER’S ALKANET, Alkanna tinclaria. See Alkanet. ^ 

DYER’S MADDER, Hubia See Madder. 

DYER’S OAK, Quercus infectoria. See Galls and Oak. 

DYER’S ORCHELLA WEED, Roecella tinctoria. See Archil, Orchella. 

DYER’S SAFFLOWER, or Bastard saffron. The Carihamus tmctorius. The 
flowers are of a deep orange colour, but they are used for dyeing various shades of 
red. The flowers of the carthamus are employed in Spain for colouring dishes and 
confectionery. See Safflower. 

DYER’S WOODROOF. Asperula tinctoria. The roots of this plant are used in 
some parts of Europe, particularly Dalmatia, instead of madder, for dyeing wool and 
cloth of a reddish colour j but in bulk the crop obtained is inferior to that of the 
madder. — .Lawson. 


E. 


EARTHS. {Terres, Fr. ; Erden, Germ.) It has been ilemonstrated that the sub- 
stances called Earths, and which, prior to the electro-chemical career of Davy, were 
deemed to he elementary bodies, are all compounds of certain metallic bases and 
oxygen. Five of the earths, when pure, possess decided alkaline properties, being 
more or less soluble in water, having (at least three of them) an acrid alkaline taste, 
changing the pnrple infusion of red cabbage to green, most readily saturating the 
acids, and affording thereby neutro-saline crystals ; these are baryta, strontia, lime 
(caluia), magnesia, and Itthia. The earths proper are alumina, glucina, yttna, zirconia, 
and thorina; these do not change the colour of infusion of cabbage or tincture of 
litmus, do not readily neutralise acidity, and are quite insoluble in water. 

EARTHY COBALT. See Wad. A manganese ore, in which the oxide of cobalt 
sometimes amounts to thirty-three per cent. — Dana, 

EARTHY MANGANESE. See Wad and Manganese. 

EAST INDIA BLACK WOOD. The Sit Sal of the natives of India. The Zlol- 
benia latifolia. It is a wood of a greenish black colour, with light coloured veins. It 
taKes a, fine polish, and is very heavy. 

EAU DE COLOGNE. See Pekfdmerv. 

EAU DE LUCE. See Perfumery. 

EBONY. Of this black wood three kinds are imported; — 

The Mauritius Ebony, which is the blackest and finest grain. 

The East Indian Ebony, which is not of so good a colour. 

The African Ebony, which is porous and bad in point of colour. 

The ebony of the Maurltias is yielded by the Diospyms Ebenus, Colonel Lloyd 
says, this ebony when first ent is beautifully sound, but that it splits like all other 
woods from neglectful exposure to the son. The workmen who use it immerse it in 
water as soon as it is felled for from six to eighteen months ; it is then taken out, and 
the two ends are secured from splitting by iron rings and wedges. Colonel Lloyd 
considers that next to the Mauritius, the ebony of Madagascar is the best, and )»ext 
that of ('’eylon. 

The Mauritius ebony is imported in round sticks like scaffold poles, about fourteen 
inches in diameter. The East Indian variety conies to ns in logs^ as large as twenty- 
eight inqjkes diameter, and also in planks. The Cape of Good Hope ebony arrives in 
England in billets, and is called billet wood, about from three to six feet lon^ and two 
to four inches thick. 

The uses of ebony are well known. 

White Ebony comes from tljje Isle of France, and is much like box wood- See 
Green Ebony. 

EBULLITION. (Eng. and Fr. ; Kbc^an, Germ.) Boiling. When the bottom of 
an open vessel containing water is exposed to heat, the lowest stratum of fluid imme- 
diately expands, liecomes thirefore specifically lighter, and rises through the colder,, 
and heavier particles. The heat is in this wny diffiised through the whole liquid 
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\nass not ty simph; communication of that power from particle to particle as in aolids 
the bottom courfactioa of calonc,_but by a translation of the several particles from 
m to * ^ *“ the bottom, in regular succession. This is deno- 

- “mated the carrying powers of fluids, being common to bothdiquid and gaseous bodies 
““y be rendered very conspicuous and fustructive, b; 
mingling a little powdered amber with water, contained in a tall glass cylinder stand- 
ing upon a sand-bath. That this molecular translation or locomotion is almost the 
sole mode in which flmds get heated, maybe demonstrated by placing the middle of a 
pretty long gfes tube, nearly filled with water, obliquely over an argand flame. The 
upper half of the liquid will soon boil, but the portion under the middle will continue 
cool, so that a lump of ice may remain for a considerable time at the bottom.- When 
the heat is rapidly applied, the liquid is thrown into agitation, in consequence of 
elashc vapour bemg suddenly generated at the bottom of the vessel, and being as 
suddenly condensed at a little distance above it by the surrounding cold coli^. 

J here alternate expansions and contractions of volume become more manifest as the 
liquid becomes hotter, and constitute the simmering, vibratory sound which is the 
prelude of ebullition. The whole mass being now heated to a pitch compatible with 
Its permanent elasticity, becomes turbulent and explosive under the continued in- 
fluence of fire, and emitting more or less copihns volumes of vapour, is said to boil 
1 he further elevation of temperature, by the influence of caloric, becomes impossible 
m these circumstances with almost all liquids, because the vapour carries off from 
them as much heat in a latent state as they are capable of receiving from the fire. 

The teinperature at which liquids boil in the open air varies with the degree of 
atmospheric pressure, being higher as that is increased, and lower as it is diminished. 
Hence boiling water is colder by some degrees in an elevated situation, with a de- 
pressed barometer, than at the bottom of a coal-pit in fine weather, or, when the 
barometer is elevated. A high column of liquid also, by resisting the discharge of 
the steam, raises the boiling point. As we ascend from the sea level, the boiling point 
becomes lower, the following table illustrates this. 




Yards 

Inches of 

Boiling 



high. 

pressure. 

point. 

Farm of Antisana 

- 4488 

17-87 

187-34 

Quito 


- 3170 

20-74 

194-18 

Mexico 

• 

- 2490 

22-52 

198-14 

St. Gothard 

- 

- 2302 

23 02 

199-22 

Brianqon - 

- 

- 1423 

25-39 

203-9 

Monte Dore 

- 

- 1136 

26-26 

205-7 

Madrid 

- 

- 665 

27-72 

208-04 

Moscow 

- 

- 328 

28-82 

2102 

Lyons 

- 

- 177 

29-33 

210-92 

Paris 

- 

71 

29 69 

211-46 

, all liquids boil at 

a temperature about 

124° F. 

lower than 


iViciel 
m under the 

average atmospheric pressure. For a table of elasticities, see Vapocb. Gay-Lussac 
has shown that liquids are converted into vapours more readily, or with less turbu- 
lence, when they are in contact with angular or irregular, than with smooth surfaces ; 
that they therefore boil at a heat 2’ F. lower in metallic than in glass vessels, pro- 
bably owing to the greater polish of the latter. For example, if into water about to 
boil in a glass matrass, iron filings, ground glass, or any other insoluble powder be 
thrown, such a brisk ebullition will be instantly determined, as will sometimes throw 
the water out of the vessel ; the temperature at the same time sinking two degrees F. 

The following table exhibits the boiling heat, by Fahrenheit’s scale, of the most 
important liquid : — 

Etiier ........ Graham 

Ether, specific gravity 0-7365 at dS'” - . - - 

Carburet of sulphur ------- 

do. - »- - - - - - Graham 

Alcohol wsp. grav. 0-813 - - - - - Ure - 

Nitric acid, do. 1-500 ----- Dalton 

do. do. 1-42 - - - - - Graham 

Water 

Saturated solution of Glauber salt - - - -^iot - 


do. 

do. 

Acetate of lead 

do. - 

do 

do. 

Sea salt - - - 

do. - * “ - 

do 

do. 

Muriate of lime 

Ure . - - - 

do. 

do 

do. 1 -t water 2 

do. - » “ 



"• F4 



96“ 

100 

113 

118 

173-5 

210 

248 

212 

213i 

2151 

224| 

285 

S30 
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Saturated solution of muriate of lime, 35*5 + water, 64*5 Ure 

- 

- 

235' 

Ammonia - 



Graham 


- 

140 

Crystallised chloride of calcium - 

- 

do. - 


- 

30f-, 

Saturated solution of muriate of lime, 40*5 + water, 59*5 Ure 

- 

- 

240 

Muriatic acid, sp. grav. T094 

- 

Dalton - 



232 

do. 

do. 1-127 

- 

do. 


- 

222 

Nitric acid. 

do. 1-420 


do. 

- 

- 

248 

do. 

do. 1-30 

- 

do. 


- 

236 

Rectified petroleum - - - - 

- 

Ure 

- 

- 

306 

Oil of turpentine - - . - 

- 

do. 

- 

- 

r316 

Sulphuric acid, sp. grav. 1*848 

- 

- Dalton - 

- 

- 

600 

do. 

do. 1-810 - 

- 

do. 


- 

473 

do. 

do. 1-780 - 

- 

do. 

- 

- 

435 

do. 

do. 1-700 - 

- 

do. 


- 

374 

do. 

do. 1-650 - 

- 

- do. 

- 

- 

350 

do. 

do. 1-520 - 

- 

do. 

- 

- 

290 

do. 

do. 1-408 - 


- do. 

- 

- 

260 

■ do. 

do. 1-300 - 


do. 

- 

- 

240 

Phosphorus 

- 

- 

- do. 

- 

- 

554 

Sulphur 

- 

- 

do. 

- 

- 

.570 

Uinseed oil 

- - - . _ 

- 

do. 

- 

- 

640 

Whale oil - 

- 

- 

Graham 


- 

630 

Mercury - 

- 

- 

Dulong - 


- 

662 

do. 

- . - - _ 

- 

Ci-igliton 


- 

656 

Saturated solution of acetate soda, containin 

g60 per cent. Griffillis 



256 

do. 

Nitrate of soda, 

60 

do. 



246 

do. 

Rochelle salt, 

90 

do. 

• 


240 

do. 

Nitre, 

74 

do. 


. 

238 

do. 

Muriate of ammonia. 

50 

do. 

. 

• 

236 

do. 

Tartrate of potash, 

68 

do. 


. 

234 

do. 

Muriate of soda, 

30 

do. 

_ 

. 

224 

do. 

Sulphate of magnesia, 

57-5 

do. 


. 

222 

do. 

Borax, 

52 5 

do. 


. 

222 

do. 

Phosphate of soda, 

? 

do. 



222 

do. 

Carbonate of soda. 

? 

do. 

. 


220 

do. 

Alum, 

52 

do. 

. 


220 

do. 

Chlorate of potash, 

40 

do. 

. 

* 

218 

do. 

Sulphate of copper, 

45 

do. 

- 

“ 

216 


EBULLITION ALCOHOLMETER. That the boiling temperature of water is 
increased by holding neutro-saline and saccharine substances in solution has been long 
knpwn, and has been the subject of many experiments, made partly with the -view of 
ascertaining from that temperature the proportion of the salt or sugar, and partly with 
the riew^ot obtaining a practical liquid bath. But it seems to have been reserved for 
the Abbe Brossard-Vidal, of Toulon, to have discovered that the boiling temperature 
of alcoholic liquors is, in most cases, pr,>portional to the quantity of alcohol, irrespec- 
tively of the quantity of neutro-saline or saccharine matter dissolved in them. When, 
however, such a quantiw of dry carbonate of potash, or sugar, is added to a spirituous 
liquor as to abstract or nx in the solid state a portion of the water present, then the 
boiling temperature of that mixture will be lowered in proportion to the concentration 
of the alcohol, instead of being raised, as would be the case with water so mixed. 
But, generally speaking, it may be assumed as a fact, that the boiling point of an 
alcoholic liquor is not altered by a moderate addition of saline, sacchai ine, or extrac- 
tive matter. On this principle, M. Brossard-Vidal constructed the instrument repre- 
sented in fig. 6S4, for determining by that temperature the proportion of alcohol 
present. Ilis chief object was to furnish the revenue boards of France with a means 
of estimating directly the proportion of alcohol in wines, so as to detect the too 
common practice of introducing brandy into their cities and towns- under the mask of 
wme, ant^hereby committing a fraud upon the octroi; as the duty on spirits- is mnch 
higher than on wines. 

The above instrument consists of a spirit-lamp, surmounted by a small boiler, into 
which a large cylindric glass bulb is plunged, having an upright stem of such calibre 
that the quicksilver contained tnay, by its expansion and ascent when heated, raise 
before it a little glass float in the stem, which is connected by a thread with a similar 
glass bead, that hangs in the air. The tlfTead passes round a pulley, which turning 
with the motion of the beads causes the index to move along the graduated circular 
scale. The numbers on this scale represent per centages of absolute alcohol, so that '' 
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Vhc Tiumher opposite to which the index stops, when the liquor in the cylinder over 
the lamp boils briskly, denotes the per centage of alcohol in it. 

•>Dr. Ure introduced another form of instrument (fig. 685). It is thus described by 
the inventor: — 




It consists, 1, of a flat spirit-lamp a, surrounded by a saucer for containing 
cold water to keep the lamp cool, should many experiments require to be made in suc- 
cession; 2, of the boiler B, which fits by its bottom cage c, npon the case orHhe 
lamp. At the point c, is seen the edge of the damper-plate for modifying the flame 
of the lamp, or extinguishing it when the experiment is completed, d is the thermo- 
meter, made with a very minute bore, in the manner of the Rev. Mr. Wollaston’s in- 
strument for measuring the height of a mountain by the boiling point of water on its 
summit. The bottom of the scale in the ebullition thermometer, is marked p for 
proof on the left side, and 100 (of proof spirit) on the right side. It corresponds 
to 178 6 Fahr. very nearly, or the boding point of alcohol of 0-920 specifle gravity. 
The following table gives the boiling points corresponding to the indicated densities: — 


Temp Fahr. 

Specific gravitf. 

Temp. Fahr. 

Specific graTity. 

I 78-6 

- 0-9200 

p- 1 

185 6 

- 0-9665 

50 U. P. 

17975 

- 0-9021 

lOU. P. 

189-0 

- 0-9729 

60 „ 

I,80-4 

- 0-9420 

20 

191-8 

- 0-9786 

70 „ 

181-0 

- 0-9516 

30 „ 

196-4 

- 0-9850 

80 „ 

180-4 

- 0 960 

■<0 „ 

202-0 

- 0-992 

90 „ 

The above tabl^ is the mean of a great many experiments. When 

alcohol 


stronger^thau 0 92, or the excise proof, its boiling point varies too hit!? with its 
progressive increase of strength to render that test applicable in practice. In fact, 
even for proof spirits, or spirits approaching in strength to proof, a more exact 
indication may be obtained by diluting them with their own bulk of water, before 
ascertaining their strength and then doubling it. w 

The boiling point of any alcoholic liquor is apt to rise if the heat be long continued, 
and thereby to lead into error in using tHs instrument. This source of fallacy may 
be, ih a great measure avoided by adding to the liquor in tue little boiler about a 
teaspoonful (thirty -five grains) of common culinary salt, which has the curious effwt 
of airesting the mercury in the thenSometer at the true boiliog point ttf the spirit. 
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wine, or beer, to enable a correct reading to be had. The small measure marked m 
holds the requisite quantity of salt. 

The thermometer is at first adjusted to an atmospheric pressure of 29*5 inche>?, 
When that pressure is higher or lower, both water and alcohol boil at a somewhat 
higher or lower temperature. In order to correct the error which would hence 
arise in the indications of this instrument under different states of the weather, 
a barometrical equation is attached, by means of the subsidiary scale e, to the ther- 
mometer D. 

Having stated the principJies and the construction of the ebullition of the alcohol- 
meter, I shall now describe the mode of its application. p 

First. — Light the spirit lamp A. 

Second. — Charge the boiling vessel b, with the liquid to be tested (to within an 
inch of the top), introducing at the same time a paper of the powder ; then place the 
vessel B (the damper plate being withdrawn) on to the lamp a. 

Third. — Fix the thermometer d on the stem attached to b, with its bulb immersed 
in the liquid. The process will then be in operation. 

The barometrical scale indicated on the thermometer is opposite the mean boiling 
point of water. Prior to commencing operations for the day, charge , the boiler b 
with water only, and fix the instrument as directed ; when the water boils freely, the 
mercury will become stationary in the stem of the thermometer, opposite to the true 
barometrical indication at the time. Should the mercury stand at the line 29*3 this 
will be the height of the barometer, and no correction will be required ; but should 
it stand at any other line, above or below, then the various boiling points will bear 
reference to that boiling point. 

In testing spirituous or fermented liquors of any kind, when the mercury begins 
to rise out of the bulb of the thermometer into the stem, push the damper-plate half- 
way in its groove to moderate the heat of the flame. When the liquor boils freely 
the mercury will become stationary in the stem; and opposite to its indication, on the 
left, the underproof percentage of spirit may be read off at once, if the barometer 
stand that day at 29*5 inches; while on the right band scale, the percentage of 
proof spirit is shown; being the difference of the former number from 100. The 
damper-plate is to be immediately pushed home to extingnish the flame. 

The alcoholmeter will by itself only indicate the percentage of alcohol contained 
in any wine, but by the aid of the hydrometer, the proportionate quantity of sac- 
charum iu all wines may be readily aud easily determined. The hydrometer will 
show the specific gravity of the liquid upon reference to table No. 1, annexed. In 
testing a sample of wine, first take the specific gravity, and suppose it to be 989, 
then charge the boiler of the alcoholmeter with the wine, as directed, and at the 
boiling point it indicates the presence of alcohol at 69'6 per cent.'^p*, whose specific 
gravity will be found to be 979 ; deduct that gravity from the gravity of the bulk, 
or 989, and 10 will remain, which 10 degrees of gravity, upon reference to the wine 
taWe, will be found to represent 2.> lbs. of saccharine or extractive matter in every 
100 gaKons, combined with 30/gth gallons of proof spirit, 

Sikes’s hydrometer will only show the sp. gr. of liquids lighter than water (or 
1000), and for wines in general use, the gravities being lighter than that article, will 
answer every purpose ; but there are wines whose gravities are heavier than water, 
such as mountain, tent, rich Malagas, lachrymse Christi, &c., to embrace which 
additional weights to the hydrometer will be required, as for cordialised spirits, &c. 
In testing a sample of rich mountain, its sp. gr. was found to be 1039, or 39 degrees 
heavier than water ; that wine at the boiling point indicated the alcohol 72*5 per 
cent.^'P* ; but 980 sp.^. deducted from 1039 leaves 39 degrees of sp. gr.; against 59 
of the wine tables will he found 147-5 or 147^ lbs, of saccharine or extractive 
matter, combined with 27 h gallons of proof spirit to every 100 gallons. 

Should the barometer for the day show any other indication above or below 
the standard of 29 5, the thermometer scale will then only show the apparent strength, 
and reference must be had to the small ivory indicator, e, it being the counterpart 
of the barometrical scale of the thermometer; thus, should the barometer indicate 
30, place 30 of the indicator against the boiling point of the liquid, and opposite the 
line of 2^ will he found the true strength. ^ 

Example 1. — Barometer at 30. — Suppose the mercury to stop at the boiling-point 
72^‘^', place 30 of the indicator against 72 on the thermometer, and the line of 29*5 
will cut 69'6" P’, the true strength. 

Example 2. — Barometer at Suppose the mercury to stop at the same point, 
72.“*p% place 29 of the indicator against 72 on the thermometer, and the line of 29*5 
will cut 74*3'"‘P‘, the Jyue strength. * 

For malted liquors. — To all brewers and dealers in fermented liquors, this principle, 
by its application, will supply a great desideratum, as it will notonly.show the alcohol ' 
created m the wort by the attenuation, as well as the original weight of the wort prior 
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No. 2. 

TABLE, showing the lbs. of Sugar per Gallon in Cordialized Spirits, with Per Centageff 
to be added to the indicated Strength, per the Alcoholmeter. 


Difference of 
Gra %' ity . 

Lbs of Sugar 
per Gallon. 

10 

4 oz. 
or 25 
to 100 

15 

6 oz. 

to 100 

20 

8 oz. 

50 

to 100 

25 

10 oz 
frii 
to lUO 

30 

12 nz 
T5 

to 100 

35 

14 oz 
87i 
to 100 

O o 

45 

OZ. 

1-2 

50 

OZ 

1-4 

Difference of 
Gravity. 

Lbs . of Sugar 
per Gallon. 

Sp. Grar. 
of Spin! 

920 

Per Cent, 
of Spirit. 

Pf . 

1-6 

2-5 

3*4 

44 

5*3 

6*2 

7*1 

8*1 

9 0 

Per Cent, 
of Spirit. 

Pf. 

Sp. Gray, 
of Spirit. 

920 

923 

2-5 

1*6 

2-5 

3-3 

4-3 

5*2 

6-1 

6-9 

7*8 

8*8 

2*5 

923 

926 

5 - 

1‘5 

2-4 

3-2 

4-2 

5*0 

5-9 

6*8 

7*7 

8*6 

5 - 

926 

929 

7-5 

1-5 

2-3 

3-2 

4*1 

4*9 

5-8 

6-6 

7 -» 

8*4 

7-5 

929 

932 

10 - 

1-4 

2-2 

5-1 

4 0 

4-8 

5*7 

6*5 

7*4 

8*2 

10 * 

932 

935. 

12-5 

1-4 

2-2 

3-1 

3*9 

4-7 

5-5 

6*3 

7*2 

8*0 

12-5 

935 

938 

15 - 

1-4 

2-1 

SO 

3-8 

4*6 

5*4 

6 ‘2 

7-0 

7*8 

15 * 

938 

940 

17-5 

1*3 

21 

2-9 

3-7 

4-5 

5-3 

6-0 

6*8 

7*6 

17*5 

940 

943 

20 - 

1-3 

2 0 

2’8 

3*6 

4-4 

5-2 

5-9 

6*7 

7*5 

20 * 

943 

945 

22-5 

1-3 

2-0 

2-7 

3*5 

4*3 

5*0 

5*7 

6*5 

7-3 

22*5 

945 

948 

25 * 

1'2 

1-9 

2 ‘6 

3-4 

4*1 

4*8 

55 

6*3 

7*0 

25 * 

948 

950 

27-5 

1-2 

1-9 

2-5 

3 3 

4*0 

4-7 

5-3 

6*1 

6*8 

27-5 

950 

952 

30 - 

1*1 

1-8 

2*4 

3*1 

3 8 

4-5 

51 

5*8 

6*5 

30 * 

952 

954 

32*5 

i-i 

1-7 

2-3 

3*0 

2*6 

4-3 

4*8 

5-5 

6*2 

32*5 

954 

95 s 

35 - 

1-0 

1-6 

2-2 

2-9 

3-5 

4*1 

4*6 

5-3 

6*0 

35 - 

956 

958 

37-5 

1-0 

1*6 

2‘i 

2-8 

3*4 

3-9 

4-4 

5-1 

5*8 

37-5 

958 

960 

40 * 

*9 

1-5 

2-0 

2-7 

3-2 

3*8 

4 3 

4*9 

5-5 

40 * 

960 

962 

425 

•9 

1-5 

2-0 

2*6 

31 

3-6 

'll 

4*7 

5*3 

42*5 

962 

964 

43 - 

•9 

1-4 

1-9 

2-5 

3*0 

3-5 

4 0 

4*6 

5*1 

45 - 

964 

965 

47-5 

*8 

1-4 

1’9 

2*4 

2-9 

3*4 

3 9 

4*4 

4-9 

47-5 

965 

967 

50 - 

•8 

1-3 

1-8 

2*3 

2-8 

3*3 

3-8 

4*3 

4*8 

50 * 

967 

969 

52-5 

•7 

1-2 

1-7 

2-2 

2-6 

3 1 

3-6 

4-1 

4-5 

52-5 

969 

970 

55 - 

•7 

1-2 

1-6 

2-0 

2-4 

2-9 

3*4 

3*8 

4*2 

55 * 

970 

972 

57 ‘5 

•6 

1-1 

1-5 

1-9 

2*2 

2-7 

31 

3-5 

3*9 

57-5 

972 

973 

60 - 

•6 

1-0 

1*4 

1-8 

2-1 

2-5 

2-9 

S-3 

S-6 

60 - 

973 

974 

62-5 

•6 

1-0 

1-S 

1-7 

2*0 

2-4 

2-7 

S-I 

3*4 

62 ‘5 

974 

976 

65 * 

•5 

♦9 

1*2 

1-5 

1-8 

2*2 

2-5 

2*8 

3*1 

65 - 

976 

977 

67 '5 

•5 

•8 

M 

1*4 

1*7 

2*0 

2*3 

2-6 

2*9 

67-5 

977 

979 

70 - 

•4 

•7 

l-O 

1-3 

1*5 

1-8 

2*1 

2*4 

2*6 

70 * 

979 

^0 

72-5 

•4 

•7 

.9 

11 

1*3 

1-6 

1*9 

2*1 

2*3 

72-5 

980 

9S2 

75 * 

•3 

•6 

•8 

1 *0 

1*2 

1-4 

1-6 

1*8 

20 

75 * 

982 

983 

77-5 

•3 

■s 

•7 

*9 

1-0 

1 2 

1 *4 

1*6 

1*8 

77-5 

983 

934 

80 - 

'2 

•4 

■6 

•8 

•9 

I-O 

1-2 

1-4 

1*6 

80 * 

984 

986 

82 5 

•2 

•3 

•5 

•7 

•8 

*9 

1*0 

1*2 

1-4 

82*5 

986 

988 

85 * 

•2 

•2 

•4 

•6 

•7 

'8 

•9 

10 

1-2 

85 * 

988 

990 

875 

•1 

•2 

•3 

•5 

•6 

•7 

'8 

•9 

1*0 

87-5 

990 

992 

90 * 

•1 

•1 

•2 

•4 

•5 

•6 

■7 

•8 

•9 

90 - 

992 

994 

92*5 

- ' 

•1 

•2 

•3 

•4 

•5 

*6 

•7 

•8 

92-5 

994 

996 

95 - 

- - 

• - 

•1 

•2 

*3 

•4 

5 

•6 

■7 

9 ri - 

996 

998 

97 5 


* 


•1 

•2 

•3 

*4 

*5 

1 

•6 

97-5 

998 


to fermentation, but it will indicate the -value of malt liquors in relation to their com- 
ponent parts. It will likewise be a ready means of testing the relative value of worts 
from sugar compared with grain, as well as being a guide to the condition of stock 
beers and ales. 

To ascgtain the strength of malt liquors and their respective vafues, the instrument 
has been supplied with a glass saccharometer, testing-glass, and slide-rule. CXramence 
by charging the testing-glass with the liquid, then insert the saccharometer, to ascertain 
its present gravity or density per barrel, and at whatever number it floats, that will 
indicate the number of pouuds per barrel heavier than water. 

Earampk 1. — Suppose the saccTiaroineter to float at the figure 8, that would indicate 
8 lbs. per barrel ; then submit the liquid to^the boiling test, with the salt as before 
directed, and suppose iAshould show (the barometrical differences being accounted for) 
90 that would be equivalent to 10 per cent, of proof alcohol. Refer to the slide rule. 
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^nd place a on the slide against 10 on tlie upper line of figures, and facing b on the 
lo\\er line will be 18, thus showing that 18 lbs. per bari’el have been decomposed to 
•institute that percentage /)f spirit; then, by adding the 18 lbs. to the present 8 lbs. 
per barrel, the result will be 26 lbs., the original weight of the wort after leaving the 
copper. 

Ej:amph2 . — The saccharometer marks 10 lbs. per barrel, and at the boiling point it 
indicates 88" ^’ equi%mlent to 12 gallons of proof spirit per cent ; place a against 12, 
and opposite b will be 21 J lbs, per barrel, when, by adding that to the 10 lbs. present, 
3Ii lbs. will be the result, 

X(> nscertain the relative value . — Suppose the price of the 26 lbs. of beer to be 36s. per 
barrel, and the 31 J lbs. beer to be 40s. per barrel, to ascertain which beer will be the 
cheapest place 26 on the opposite side of the rule against 36, and opposite 31j lb 3. will 
be 435. 7f/., showing that the latter beer is the cheapest by 3s. 7d. per barrel. 

J3y taking an account of the malt liquors by this instrument prior to stocking, it 
may be ascertained at any time whether any alteration has taken place in their condition, 
eithL’i’ by an increase of spirit by after fermentation and consequent loss of saccharum, 
or whether, by an apparent loss of both, acetous fermentation has not been going on 
to>^ ards the ultimate loss of the whole. " 

This instrument will likewise truly indicate the quantity of spirit per cent, created 
in distillers* worts, whether in process of fermentation or ready for the still; the only 
difference will be in the allowances on the sUde.rule, 

N.li. — The saccharometers applicable to the fore^ing rules for beer, ales, &c., 
have been adjusted at the temperature of 60*^ Fahrenheit, and wiH be found correct for 
general purposes; but where extreme minuteness is required, the variation of tempe- 
rature must be taken into account ; therefore for every 10 degreesof temperature above 
6(1, ^l7ths of a pound must be added to the gross amount found by the slide-rule; on the 
contrjry, for every 10 degrees below 60, t{jth8 of a pound must be deducted. 

Fvr i'ordiahsed Spa its. — The operation in this instance is somewhat different from 
that of beers, which have the alcohol created in the original worts ; whereas, in cor- 
dialised spirits, gins. Sec , the alcohol is the original, and the saccharine matter, or 
sugar, is an addendum. 

If 100 gallons of spirits are required at a given strength, say^ 50 per cent, unt^r prwf, 
50 gallons of proof spirit, with the addition of fifty gallons of water, would effect that 
object, and upon testing it by the alcobclmcter, it would be found as correct hs by the 
hydrometer. But in cordialising spirits it is different, for to the 50 gallons of proof 
spirit 50 gallons of sugar and water would be added, thereby rendering the hydrometer 
tiseless, except for taking the specific gravity of the bulk, and accoiding to the quantity 
of sugar present, so a relative quantity of water must have been displaced ; and as the 
sugar has no reducing properties, the alcoholmeter will only show the strength of the 
cordial in relation to the water contained in it, as the principle indicates, irrespectively 


of saccharine or extractive matter presents • - ... * 

Suppose, in making 100 gallons of cordial at 50" '>•, 3 lbs. of 
gallom or 300 lbs. to the 100 gaUons, that ,300lbs., displacing 18, %th gallons bf water 
onlT SKUtb gallons of irater instead of 50 have been applied ; the sugar, v-ithtnit 
redneing properties, making up the bulk of 100 gallons„„hich is meant to represent 

akoMmeter rriU only show at the full point of ebullition the aloobolie strength 
in rehtiou to the water in the 100 gaUons of the mixture, or 3o per cent. , leaving lo 

'’"ArThe^tnTy“:fsIgar%:^:enfmn^ be determined before that percentage 
can be arrived at, a double object will be effected by ^ snS'to^e ae- 

instances the quantity of sugar present, as well as the perc g P 
counted for. 

Example \. 

suTimit the liquid to lue uoinu^ pviut, .»»•%» *....—0-^ — 

and it proves to be So"*?*, the sp. gr. of alcohol at .. ^*3 

deduct 956 fiom the sp.gr. of the bulk, or . which will be found 3 

amount on the head line of the table No 2, namely, 120, LT io 

represei-ting 31bs. of <o the gallon : and by U -O.which represents the 

opposite the a coholic strength . ndiea^ 

r;:rrt.tc:rtLtSe" tbebnlk « 0 per cent -"...Uh 3 lhs.of 

'X g‘L! fe‘.-.Exampfe 2. In taking the ’ 937^ wWch 
submit to the boiling point, and it provra 1° ^ ^ under 20 will 

as (r, ’J’i 
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14“ P', ^iilbe found 3*0, ^hich added to the 14, makes tlie total on the bulk 17 per 
cent.® p*, with 50 lbs. of sugar to the 100 gallons. 

To chemists for their tinctures, &c., this instrument will be found essentially usefv’. 

N.B. — Care must be taken that the mercury is entirely in the bulb of the thernib- 
meter before it is fixed on the stem for operation, and in all cases (except for water) 
the salt must be used. 

EDGE TOOLS j more properly cutting tooU^ of which the chisel may be regarded 
as the type. Holtzapffel, whose book on Mechanical Manipulation is the best to be 
found in any language, divides cutting tools into three groups, — namely paring tools, 
scraping tools, and shearing tools. 

First, Paring or splitting tools, with thin edges, the angles of which do not exceed 
sixty degrees ; one plane of the edge being nearly coincident with the plane of the 
work pT^uced (or with the tangent in circular work). These tools remove the 
fibres principally in the direction of their length, or longitudinally, and they produce 
large coarse chips, or shavings, by acting like the common wedge applied to mecha- 
nical power. 

Secondly. Scraping tools, with thick edges, that measure from sixty to one hundred 
and twenty degrees. The planes of the edges form nearly equal angles with the 
surface produced, or else the one plane is nearly or quite perpendicular to the face 
of the work (or becomes as a radius to the circle). These tools remove the fibres 
in all directions with nearly equal facility, and they produce fine dust-like shavings 
by acting superficially. 

Thirdly. Shearing, or separating tools, with edges of from sixty to ninety degree 
generally duplex, and then applied on opposite sides of the substances. One plane of 
each tool, or of the single tool, coincident with the plane produced. 

Mr. James Bouydell introduced a process which professes to produce cheap edge 
tools of excellent quality. We believe the result has not been so satisfactory as the 
patentee expected. He welds iron and steel together in such a manner that when 
cut up to form edge tools, the steel will constitute a thin layer to form the cutting 
edge. He piles a slab or plate of steel upon two or more similar plates of iron, heats 
in a furnace to a good welding heat, and then passes between grooved or other 
suitable rollers, to convert it into bars ; the steel being in a thin layer either on one 
of the outer surfaces of the bar, or between two surfaces of iron according to the kind 
of tool to be made therefrom. The bars thus produced are cut up and manufactured 
into the shape of the desired articles by forging. If the cutting edge is to extend 
but a short distance, the steel is applied only near one edge of the pile. The compound 
bars which have the steel on one side are suitable for chisels and other tools, which 
have a cutting edge on one side, the iron being ground away when making or sharpen- 
ing the tool. See Cutlery; S'raEL, 

EDULCORATE {Edulcorer, Fr.; Aussiissen, Germ.) is a word introduced by the 
alchemists to signify the sweetening, or rather rendering insipid, of acrimonious pul- 
veiHiIent substances, by copious ablutions with water. It means, in modern language, 
the washing away of all particles soluble in water, by agitation or trituration with this 
fluid, and subsequent decantation or filtration. 

EFFERVESCENCE. (Eng. and Fr. ; Aufbrausen^ Germ.) When gaseous matter 
is suddenly extricated with a hissing sound daring a chemical mixture, or by the 
application of a chemical solvent to a solid, the phenomenon, from its resemblance to 
that of simmering or boUing water, is called effervescence. The most familiar ex- 
ample is afforded in the solution of sodaic powders ; in which the carbonic acid gas of 
bicarbonate of soda is extricated by the action of citric or tartaric acid. 

EFFLORESCENCE (Eng. and Fr.; Verwittem, Germ.) is the spontaneous con- 
version of a solid, usually crystalline, into a powder, in consequence either of the 
abstraction of the combined water by the air, as happens to the crystals of sulphate 
and carbonate of soda ; or by the absorption of oxygen and the formation of a saline 
compound, as in the case of alum schist, and iron pyrites. Saltpetre appears an 
efflorescence upon the ground and walls in many situations. 

EGGS, HATCHING. See Incubatiox, ARxmciAL. 

EIDER-DOWN is so called because it is obtained from the JKif/cr-duck. These 
birds buffe their nests among precipitous rocks, and the female lines them*with fine 
feathers plucked from her breast, among which she lays her five eggs. The natives 
of the districts frequented by the eider-ducks let themselves down by cords among 
the dangerous cliffs, to collect the down from the nests. It is used to fill coverlets, 
pillows, cushions, &c. ^ 

ELAINE (called also Oleine) is the name given by Chevreul to the thin oil, which 
may be expelled froi^;^ tallow and other fats, solid or fluid, by pressure either in their 
natural state or after being saponified, so as to harden the stearine. It may be extracted 
also by digesting the fat in seven or eight times its weight of boiling alcohol, spec. grav. 
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^'798, till it dissolves the Tvhole. Upon cooling the solution, the stearme falls to the 
bottom, while the elaine collects in a layer like olive oil, upon the surface of the super- 
.\tant solution, reduced by evaporation to one eighth of its bulk. If this elaine be now 
exposed to a cold temperature, it will deposit its remaining stearine, and become pure. 
Braconnot obtained it by exposing olive oil to a temperature of about 21® F. in order 
to cause the congelation of the margarine or stearme (.^). The elmne was a greenish 
yellow liquid ; at 14^ F. it deposited a little margarine. See Oils and Steabik^. 

ELASTIC BANDS. {Tissusilastiques^Vt.\ Federharz-zeige^Gena.) See Caout- 
chouc and Braiding Machine. 

ELASTICITY. The property which bodies possess of occupying, and tending 
to occupy, portions of space of determinate volume, or determinate volume and figure, 
at given pressures and temperatures, and which, in a homogeneous body, manifests 
itself equally in every part of appreciable magnitude {Nichol). The examination of 
this important subject in Kinetics does not belong to this work. A few remarks, 
and some explanations, only are necessary. 

Elastic Pressure is the force exerted between two bodies at their surface of contact. 

Compression is measured by the diminution of volume which the compressible 
(elastic) body undergoes. 

The Modulus or Coefficient of Elasticity of a liquid is the ratio of a pressure applied 
to, and exerted by, the liquid to the accompanying compression, and is therefore the 
reciprocal of the compressibility. The quantity to which the term Modulus of 
Elasticity was first applied by Dr. Young, is the reciprocal of the extensibility or 
longitudinal pliability. (See the Edinburgh Transactions, and those of the Royal 
Society, for the papers of Barlow^ MaxweUy and Rankine, and the British A^ociation 
Reports for those of Fairbaim^ Hodgkinsony &c.) 

Various tables, showing the elasticity of metals, glass, &c., have been constructed, 
and will be found in treatises on mechanics. The following notices of the mecha- 
nical properties of woods may prove, of considerable interest. The experiments were 
by (’hevandier and AVertheim. 

Rods of square section 10 mm in thickness and 2 m in length were prepared, being 
cut in the direction of the fibres, and the velocity of sound in them was determined by 
the longitudinal vibrations, their elasticity from their increase in length, and their co* 
hesion by loading them to the point of rupture. Small rods were cut in planes per- 
pendicular to the fibre grain (in directions radial and tangential to the riu^ of growth) 
and their elasticity and sound volocity were measured by the lateral vibrations. It was 
thus again estublished, that the coefficients of elasticity, as deduced firom the vibrations, 
come out higher than those derived from the elongation. 
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EL ATEKITJM. A peculiar extract obtained from the juice of the wild cucumber. 

trical purposes are manufactured from the pith of the elder tree, dried, ihe 
employed for iuferior turnery work, forveaver’s shuttles, netung pitis, and 
makers pegs, 
latter purposes. 

ELECTIVE 

Equivalents. .... 

ELECTRIC CLOCKS. The application of electricity as a motive power to 
clocks, and-as a means of transmittir^ synchronous signals or tune, is nataraliy mti- 


iienor lurnery wui^, - — , -ox - 

Its elasticity and strength rendcij, it peculiarly fitted for these 

AFFINITY. ( 'WahlverwandtschafU Germ.) 


See Decomposition, 
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mately connected with the attempts (not yet realised in an economic point) to apply it' 
as a motive power to machinery, and with its application, so fully realised (see article 
Electro-telegraphy), to telegraphy proper; and it has grown up side by side with tV 
latter. Prof. Wheatstone’s attention wasdirected to it in the very early days of telegraphy. 
Without entering upon the history of electric clocks, it will sutfice to describe two 
principles on which they have been constructed, and which are best known, — Bain's 
and Shepherd's. In the former, electricity maintains the pendulum in motion, and the 
pendulum drives the clock-train ; in the latter, the motion of the pendulum is maintained 
by electricity, but the clock-train is driven by distinct currents, sent to it by means of 
pendulum contacts. ^ 

The bob of Bain's pendulum consists of a coil of wire, wound on a bobbin with a 
hollow centre. The axis of the bobbin is horizontal. Bar magnets, present no- 
similar poles, are fixed on each side of the coil, in such a position that, as the pendulum 
oscillates right and left, the poles on either side may enter the coil of wire. It is one 
of the laws of electric currents, when circulating in a helix, or spiral, or coil, or even 
in a single ring, that each face of the coil presents the characters of a magnetic pole, 
of a south pole if the current circulates in the direction in which the hands of a 
watch move, of a north pole, if it circulates in the reverse direction. Things are so 
arranged in Bain’s pendulum that a battery current is alternately circulating in and 
cut off from the coil. When the current is circulating, the coil has the character of a 

magnet, with a north end and a south end ; if 
the permanent magnets present north poles, the 
north end of the coil-bob will be repelled from 
one of the magnets, while its south end will be 
attracted by the other magnet. This consti- 
tuted the impulse or maintaining power in one 
direction. Now the connections are such that, 
when the arc of vibration is complete and the 
pendulum ready for the return vibration, the 
pendulum rod pushes aside a golden slide, by 
which the electric circuit had been completed, 
and the current is cut off ; the pendulum is thus 
able to make its return vibration by mere 
gravity. It starts to repeat the above operations 
by mere gravity; but, ere it completes the arc, 
the rod pushes back the slide, and again com- 
pletes the electric circuit, and gives rise to a 
second impulse, and so on. A small amount of 
magnetic attraction is sufficient to supply the 
necessary amount of maintaining power. One 
pair of zinc-copper, buried in the moist earth, 
has been found ample. 

In an ordinary clock, the train is carried by 
a weight or by a spring, and the time is regu- 
lated by the pendulum. In Bain’s the time is 
regulated and.the train is driven by the pendu- 
lum. The fod hangs within a crutch in the 
usual wa^4 the crutch carries pallets of a par- 
ticular kind, acting in asoape-wheel and from 
the latter, the motion is trai^smitted ^ a train 
of the usual character; but much lighter. For 
large clocks, Mr. Bain proposes a modification 
of the slide, which shall invert the current at 
e.ach oscillation, so as to have attraction 4s a 
maintaining power in both oscillations. The 
general arrangement of the pendulum is shown 
in Jig 686. B is the pendulum bob, with its 
coil of wire, the ends of which pass up on either 
side of the rod. z and c are the battt'iy plates, 
with their attached wires B and d'. The arrows 
show the course of the voltaic current from the 
plate c by the wire thence down the pendu- 
lum rod by the right hand wire, through the coil 
B, up by the wire on left side of rod, then by 
the wire c, along the slide at e, and by the 
wire D to the zinc plate z. 'When the slide e is in position, the circuit is complete, 
and the bob is attracted by the n pole of one (>f the magnets, and repelled by the n 
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Wle of the other. When the slide is displaced, the attraction ceases, and the pendalom 
k left to the mere action of gravity. 

* Shepherd's electric clock has a remontoir escapement. There is no direct connec- 
tion between the electric force and the pendulum, or between the pendulum and the 
clock train. The attractive power, derived from the electric current, is simply em- 
ployed to raise the sanae small weight to the same height ; and the clock-train is 
carried by the attractive force derived ^om electric currents, whose circuits are com- 
pleted by the pendulum touching contsict springs. The pendulfun is thus protected 
from the influence of changS in the force of the current, or from irregular resistances 
in thp train. Fig-6S7is a perspective view of this pendulum, with batteries, s z, 
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attached, and the clock connections and those of its batteries, s z s ^ shown. ^ 
electricity leaves the pendulum battery by the wire a. and returns to it by the wire 
Vox,. II. - G 
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There is only one break in this circnit, namely, at e, -which is a slender spring faced / 
■with platinum, that is in contact "with platinum on the pendulum at the extreme of its 
right Tibration, hut at no other time. The wire a reaches the pendulum from th 
battery by the coils b, the plate c, and the frame d ; the wire p goes direct from the 
spring E to the zinc z. From this arrangement, it happens that every time the con- 
tact at E is completed, the iron core, of which the ends n s are -visible, contained 
within the coils b, becomes a magnet, and when the contact at £ is broken, the 
magnetism ceases. The poles n s have, therefore, a power alternately to attract and 
to release a, which is a plate or armature of soft iron, moving on an axis, as shown 
in the figure, and to which is attached a bar 6, witb a counterpoise i. We have said 
that the office here of the electric force, is merely to raise a weight; the fall of the 
weight maintains the pendulum in motion. When the armature a is attracted, the 
lever h is raised; this raises the wire c into a horizontal position, and its other part 
d into a vertical position; the latter is caught and retained by the latch or detent e; so 
that when the magnetic attraction ceases, the counterpoise * descends with the lever 
and so the armature a leaves the electro-magnet n s. But the wire d remains 
vertical, and its other part with the small weight c remains horizontal. Now, when 
the pendulum makes its left hand oscillation, the point of the screw f impinges upon 
the stem and carries it a little to the left ; this raises the detent e, and liberates the 
piece d c, which descends into its onginal position by gravity ; the small ball c adds 
to its weight. In descending, the vertical piece c strikes against the point of the 
screw A, and gives a small impulse to the pendulum p. The ball c is not larger than 
a pea, and its fall is not an eighth of an inch; but the impact is sufficient to keep the 
pendulum in motion; and it is constant, being this same body falling through the 
same space; and is independent of any variation in the battery power, which latter is 
only concerned in raising the ball. The arc of the pendulum's vibration is regulated 
by adjusting the small ball to a greater or less distance from the centre. Provision is 
thus made ibr maintaining the pendulum in motion, and giving it an impact of con- 
stant value. If this arrangement is in connectiqp with a compensating mercurial pen- 
dulum, extreme accuracy of time-keeping is attained. The next step is to transfer 
the seconds, thus secured, to a dial or clock. The same movement of the keeper a 
with its counterpoise t, has sometimes been made to impart motion to the seconds 
wheel of a clock train; hut more commonly the clock train is distinct, as shown in the 
drawing, and is carried by a special electro^magnetic arrangement, in connection with 
separate batteries, z c, z c, the contacts of which are, however, under the control of 
the pendulum. Insulated springs, k and /, are fixed near the top of the rod ; from k 
a wire leads to the silver s, of the left band battery ; and from I another wire leads to 
the zinc z, of the right hand battery. The other metals of the respective batteries are 
connected by a wire with an electro-magnet within the clock, the other end of the said 
electro-magnet being connected with the metal bed and frame of the pendulum. When, 
therefore, the pendulum oscillates to the right, the circuit is completed at k ; and the 
current of the left hand battery circulates from s through the wire k ; and thence 
through the metal frame and by the wire to the clock, and so to the zinc z. When 
the oscillation is to the left and / is in contact, the right band battery is in action ; and 
the current circulates from s through the clock, to the metal frame, and thence to I 
and to the zinc z of the battery. In one case, a voltaic current enters the clock by 
the wire shown below, and leaves it by the upper wire ; and, in the other case, it 
enters by the upper and leaves by the lower wire. There is a double set of electro- 
magnets within ihe clock, showing four pol^ in all; there are also two magnetised 
steel bars, mounted see-saw fashion, with their poles alternate, and facing the four 
electro-magnetic poles. When the current enters the clock from below or in one 
direction, the bars oscillate this way; when it enters from above or in the reverse 
direction, they oscillate that way. They are both fixed at right angles to and upon 
the same axis ; which axis carries a pair of driving pallets, that act on a scape-wheel, 
and so the clock-train is driven. It will be seen at a glance, that two or more clocks 
may be connected in the same circuit, as readily as one ; it being merely necessary in 
such case to modify the battery power, to correspond with the work to be done. 
For inilance, three such clocks have been going for several years at Tonbridge by 
the same pendulum ; several are actuated in like manner at the Royal Observatory, 
Greenwich. Nor is it necessary that the clocks should be in the same room with the 
pendulum, or in the same building, or even in the same parish. All the clocks above 
referred to, are variously distributed ; and one of the Observatory clocks is six miles 
distant from its pendulum, bemg at the London Bridge Station of the South-Eastern 
Railway. 

In cases where it^as not been found convenient to drive the clock train, especially 
in the case of a public one, the movement of which is heavy, great advantage has 
been derived for regulating the oscillations ^ the pendulum of the large clock, by 
means of electric currents, under the control of a standard pendoluin. Mr. Jones 
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““et favour. The turret 
“’■rangement, is driven by weights in the usual way, and the time i! 
egulated by a pendulum. The hob of the pendulum is placed under a condition 
ana ogous to that of Bam s (^g. 686), the permanent magnet, however, being attached 
to the pendulum, and the electro-magnet fixed facing it. ’if currents are m“ 
circulate synchronoimly in the latter, by means of a standard pendulum, the oscillations 
°f torret-cloek, are constrained to accord with those of the 
standard, and a very perfect system of time-keeping is obtained. This is practised at 
Liverpool ; and has just been introduced at Greenwich. ^ 

arrangements the clock is controlled by the standard pendulum 
second by second, and the two keep time together throughout the day. There are 
cases in which it is sufficient, and also more convenient, to correct a clock once a dav 
only by means of a telegraph signal transmitted from a standard clock. This L 
managed in several ways. There is a clock at the Telegraph Office in the Strand • 
a good regulator, adjusted to gain a second or two during the twenty-four hours and 
to stop at I p.M. A telegraph signal is sent from the Royal Observatory precisely at 
one, that drops a time-ball at the Strand office, which, in falling, stM'ts the clock. 
At Ashford, seventy-three miles from Greenwich, there is an electric clock which has 
gaining rate, and which is so constracted that the battery circuit is opened at one 
o clock by means of pins and springs attached to the movement, and the clock there- 
fore stops. At 1 P.M., Greenwich mean time, a signal is sent through the Ashford 
clock from the Royal Observatory, which starts it at once at true time. At the Post 
office, Lombard Street, there is a clock which, in the course of the twenty -four boors, 
raises a weight At noon a telegraph signal is sent from Greenwich, which passes 
through an electro-magnet ; the latter attracts an armature of soft iron and liberates 
the ball, which falls, and in falling it encounters a crutch, or lever, attached to the 
wcond’s hand, and thrusts it this way or that, as the case may be j hut so as to bring 
it to sixty seconds on the dial, and thus to set the clock right. 

Intermediate between the one method of sending a signal every second to regulate 
a clock, and the other method of sending it once a day, we have the following arrange- 
ment of Bain’s for sending it once an hour. Fig, 6»8 shows the arrangement, with 
part of the dial removed, to show the position of the electro-magnet. The armature 
is below ; it carries a vertical stem, terminating 
above in a fork. Its ordinary position is shown 
by the dotted lines. The minute hand (partly 
removed from the cut) carries a pin on its back 
surface. When the hand is near to sixty mi- 
nutes, and an electric current is sent through 
the magnet, the armature is attracted upwai^s 
and the fork takes the position shown by the 
full lines at the top of the dial, and, in doing 
so, it encounters the pin and forces the band 
into the vertical position, and sets the clock 
to true time, providing the signal comes from ' 
a standard clock, or is sent by hand at true 
time. A dial of moderate character keeps so 
near to time, that once or twice a day would 
be, for all comm<m purposes, often enough to 
correct it. 

Fig. 689 is an arrangement of Bain’s, by 
which a principal clock, showing seconds, 

sends electric currents at minute intervals to other clocks, and causes the hand to 
move minute by minute, a is a voltaic battery ; b is the principal clock, whkh may 
be an electric clock or not at pleasure; o and h are two out of many subwdinate 
clocks. The seconds hand of the principal clock completea a voltaic circuit twice 
(for the case of two clocks) during the minute; at the 3G seconds for the clock o, 
and at the 60 seconds for the clock h. The clock h shows time in leaps from one 
minute to the next ; and the clock g from one half minute to the next hal£4ninute. 

As roany^ncwe contacts per minute may be provided for the seconds hand of the 
prime clock as there are subordinate clocks. 

Next akin to the time signals above described, and which act automatically upon 
clocks, either to drive the clock -train or to correct thg clock errors, are mere time 
signals, which are extensively distributed throughout the country by the ordinary tele- 
graph wires, and are looked for at the varioas telegraph stations, in order to com^re 
the office dials with Greenwich mean time, and to make the weeessary corrwt^? 
they are also re-distributed by hand the moment they ai:^>ear, throng sub-djsfir^tt 
branching from junction stations, Lai^ black bails, hmated in OGomaouous sti^ki^ 
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are also dropped daily by electric currente in various places, for the general infor- / 
mation of the public, or of the captains of ships. — C. V. W, ^ 

689 



ELECTRICITY JSlasttng in Mines and Quarries. Professor Hare 'was the first 
who entertained this idea, but Mr. Martin Roberts devised the following process. In 
order not to be called upon to make afresh a new apparatus for each explosion, Mr. 
Roberts invented cartridges, which may be constracted beforehand. With this view, 
copper wires are procured, about a tenth an inch in diameter, and three yards 
in length, well covered with silk or cotton tarred, so that their insulation may be 

y very good. They are twisted together {fig, 690) for a length of 
six inches, care being taken to leave their lower extremities free, 
for a length of about half an inch (separating them about half an 
inch),iTom which the insulating envelope is removed, in order to stretch 
between them a fine iron wire, after having taken the precaution 
of cleaning them welL The upper extremities of the two copper 
wires are likewise separated, in order to allow of their being placed 
respectively in communication with the conductors, that abut upon 
the poles of a pile. The body of the cartridges is a tin tube, three 
inches long, and three quarters of an inch in diameter, the solderings 
of which are very well made, in order that it may be perfectly imper- 
meable to water. A glass tube might equally well be employed, 
were it not for its fragility, which has caused a tin tube to be pre- 
ferred. The system of copper wires is introduced into the tube, 
fixing them by means of a stem that traverses it at such a height 
that the fine iron wire is situated in the middle of the tin tube, 
so arranged that the ends of the copper wire do not anywhere 
tonch the sides of the tube {fig. 691). The cork is firmly fixed at 
the upper extremity of the tube with a good cement. Mr. Roberts 
recommends for this operation, a cement composed of one part of bees- 
wax and two parts of resin ; the tube is then filled with powder by 
its other extremity, which is likewise stopped with a cork, which is 
cemented in the same manner. Figure 692 indicates the manner 
in which the cartridge is placed in the hole, after having care- 
fully expelled all dust and moisture ; care must be taken thaf the 
cartridge is^ situated in the middle of the charge of powder that is 
introduced into the hole. Above the powder is placed a plug of 
straw or tow, so as to allow between it and the powder a small space 
• above the ping is poured dry sand, until the hole 

18 filled with it. The two en^ of the copper wires that come out of 
the cartridge are made to communicate with the poles of the pile, 
by m^ns of conductors of sufficient length, that one may be pro- 
Tk, r> u 1 dangers arising from the explosion of the mine. 

^ M. Ruhmkcw, and a^r him, H. Verdu, have successfully tried to substitute the 
induction spark for incandescence of a wire, in order to bring about the ignition of 
the powd^. ^is process, brides the e<mBiderabIe economy that it presents— since 
instead of from fifteen to twentv Boases's pa^, necessary for i aMing ftie ignition 
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%of the wire, it requires but a single one for producing the induction spark, — ^possesses 
\he advantages of being less susceptible of derangement. Only it was necessary to 



contrive a plan to bring about the ignition of the powder ; in fact, it happens, that 
when by the effect of the length of the conductors that abut upon the mine, the 
circuit presents too great a resistance, the induction spark is able to pass through 
the powder without inflaming it. M. Ruhmkorff has conceived the happy idea of 
seeking fot a medium, which, more easily inflammable by the spark, may bring about 
the ignition of the powder in all possible conditions. He found it in Statham’s fusees, 
which are prepared by taking two ends of copper wire covered with ordinary gutta 
percha ; they are twisted (Jig. 693), and the ends are bent so as to make them enter 
into an envelope of vulcanised (snlphnred) gutta percha, which has been cut and 
drawn off from a copper wire that had been for a long time covered with it Upon 
this envelope a sloping cut a, b, is formed; and after having maintained the ex- 
tremities of the copper wires at about the eighth of an inch from each other, their 
points are covered witj fulminate of mercury, in order to render the ignition of the 
powder more easy. The cut is filled with powder, and the whole is wrapped roond ^h 
a piece of caoutchouc tube, c,rf, or else it is placed in a cartridge filled with powd«. 

In the Statham fusees, it is the sulphide (sulphuret) of copper adhering to the wire, 
produced by the action of the vulcanised gutta percha which is removed from the 
copper wire that it covered, which by being inflamed under the action of the induction 
spark brings about an explosion. But it is necessary to take care when the fusee hM 
been prepared, as we have pointed out, to try it in order to regulate the extent of the 
solution of continuity. It might, in fact, happen that while still belonging to same 
envelope of a copper wire, the sheath of a vulcanised gutta percha with which the 
fusee is furnished, may be more or less impregnated with sulphide of eop^r; 
now, if the sulphide of copper is in too great quantity, it becomes too good a 
conductor, and prevents the spark being produced ; if, on the ^ ® 

sufficiently large quantity, it does not sufficiently facihtate the discharge. 

The firat trials on a large scale of the application of ^ 

deftribed, were made with Ruhmkorrs induction apparat^ ^ the Spanish Lionel, 
Verdu, in the workshops of M. Herkman, manufacturer of gutta percha cover^ wire, 
at La Villette, near Paris. Experiments were made successively upon kngths ol 
wire of 400, 600, 1000, 5000, and up to 26,000 metres (of 3 28 feet) ; and tV 
was alwmrs compete, Whether with a circuit compo^ of two wires, or repSemg one 
of the wfres by tL earth; two ordinary Bunsen’s 

the induction spark with Rabmkorrs apparatus Since h.s first researches with 
M Ruhmkorff M. Verdu has applied himself to fresh researches m Spam; and he 
was satisfied, by many trials, that of aU explosive 

so sensitive as fulminate of mercury: only, m order to avoid the Jto^r that ar^ 
from the facUity of explosion of this compound, he takes 
ducing the extremhr the fusees into a small 6“*^ Per Aa tu^, 

After^having filled with powder this species of little box, and havmg closed it 
• ■'0 3 
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hermetically, the fhsees may be carried about, may be bandied, may be allowed to/ 
fall, and even squeezed rather haid, without danger. The elastic and leather-like 
nature of gutta percha, which has been carefully softened a little at the fire, preserve , 
the fulminate from all chance of accident. We may add, that with a simple Bunsen’s 
pair, and by means of Ruhmkorff ’s induction apparatus, M. Verdu has succeeded in 
producing the simultaneous explosion of six small mines, interposed in the same 
circuit at 320 yards from the apparatus. He has not been beyond this limit ; but he 
has sought for the means of acting indirectly upon a great number of mines, by 
distributing them into groups of five, and by interposing each of these groups in a 
special circuit. The fusees of each group are made to communicate by a single ^ire, 
one of the extremities of which is buried in the ground, and whose other extremity 
is near to the apparatus. On touching the induction apparatus successively with each 
of the free ends that are held in the hand, which requires scarcely a second of time, 
if there are four wires, that is to say, four groups and consequently twenty mines, 
twenty explosions are obtained simultaneously at considerable distances. There are 
no limits either to the distance at which the explosion may take place, or to the 
number of mines that may thus be made to explode. 

ELECTRIC LIGHT. Various attempts have been made, from time to time, to 
employ electricity as an illuminating power; but hitherto without the desired success. 
The voltaic battery has been employ^ as the source of electricity, and in nearly all 
the arrangements, the beautiful arc of light produced between the poles, from the 
points of the hardest charcoal, has been the illuminating source. One of the great 
difficulties in applying this agent arises from the circumstance that there is a trans- 
ference of the charcoal from one pole to the other, and consequently an alteration in 
the distance between them. This gives rise to considerable variations in the intensity 
and colour of the light, and great want of steadiness. Various arran^zements, many 
of them exceedingly ingenious, have been devised to overcome these difficulties. 

The most simple of the apparatus which has been devised is that of Mr. Staite, 
which has been modified by H. Arcbereau. Two metal columns or stems, to which 
any desired form can be given, are connected together by three cross pieces, so as to 
form one solid frame ; one of these cross pieces is metallic, it is the one which occapies 
the upper part of the apparatus ; the others must be of wood. These latter serve as 
supports and points of attachment to a long bobbin placed parallel to the two columns 
and between them, and which must be made of tolerably thick wire, in order that the 
current, in traverring it without melting it, may act upon a soft iron rod placed in the 
interior of the bobbin. This iron rod is soldered to a brass stem of the same calibre, 
and of the same length, carrying at its free extremity a small pulley. On the opposite 
side the iron carries a small brass tube, with binding screws, into which is introduced 
one of the carbons, when the entire rod has been placed in the interior of the bobbin. 
Then a cord fixed to the lower cross piece, and rolling over a pulley of large diameter, 
is able to serve as a support to the movable iron rod, running in the groove of the 
litite pulley. For this purpose, it only requires that a counterpoise placed at the end 
of the cord shall be enabled to be in equilibrio with it. The metal cross piece which 
occupies the upper part of the apparatus, carries a small brass tube, which descends 
perpendicnlarly in front of the carbon that is carried by the electro-magnetic stem, 
and into which is also introduced a carbon crayon. By means of a very simple ad- 
justment, this tube may besides be easily regulated, both for its height and for its 
direction j and consequently the two carbons may be placed very exactly above one 
another. The apparatus being adjusted, we place one of the two metal columns of 
the apparatus in connection with one of the poles of the pile, and cause the other 
pole to abut upon the copper wire of the bobbin (one end of which is soldered upon 
its socket). The current then passes from the bobbin to the lower carbon by the rod 
itself that supports it, and pausing over the interval separating the two carbons, it 
arrives at the other pole of the pile by the upper cross piece of the apparatus and the 
metal column, to which one of the conducting wires is attached. ^ 

So long as the current is passing and producing light, the bobbin reacts upon the 
iron of the electro-magnet rod, which carries the lower carbon and attracts it on 
account^ the magnetic reaction that solenoids exercise over a movable iron in their 
interior.^t is this which gives to the carbons a separation sufficient/or thelunnngut effect. 

But immediately the current ceases to pass, or is weakened, in consequence of the 
consumption of the carbons, this attraction ceases, and the movable carbon, acted on 
by the counterpoise, is found to be drawn on and raised until the current passes 
again ; equilibrium is again established between the two forces, and the carbons may 
be employed again. Thus, in proportion as the light tends to decrease, the coun- 
terpoise reacts; and )]his it U ^t always maintains the intensity of the light equal. 

M. Breton has an apparatus which differs somewhat from the above, and M* 
Foucault has also devised a very ingenious modification. 
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\ M. Dnboscq has made hy far the most successful arrangement, for a description of 
which we are indebted to De la Rive’s Treatise on Electricity, translated hy C. V. Walker. 

The two carbons, between which the light is developed, bum in contact with the 
air, and shorten at each instant; a mechanism is consequently necessary, which 
brings them near to each other, proportionally to the progress of the combustion ; 
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it arrives at the two carhons, as in apparatus already known, passmg through a hollow 
concealed hi the column of the instrument. When the two carbon 
are in contact, the circuit is closed, the electro-magnet attracts a soft iron, placed -at 
the extuemity of a lever, which is in gear with an endless screw. An antagonitt 
snrine tends always to unwind the screw as soon as a separation is produced between 
the two carbons ; if it is a little considerable, the current no longer passes, the action 
of the spring becomes predominant, the screw is unwound and the carbons approach 
each other tmtil the current, again commencing to pass between the two carbons, the 
motion that drew them towards each other is relaxed in proportion to the returo of 
the predominance of the electricity over the spring ; the combustion of the ca^ms 
again increases their distance, and with it the superior action of the spring ; hence 
follows again the predominance of the spring, and so on. These are aUernativcs of 
action and reaction, in which at one time the spring, at another time the electricity, 
has the predominance. On an axis, common to the two carbons, are two pulleys: 
one, the diameter of which may be varied at pleasure, communicates by a ebrd w ith 
the rod that carries the lower carbon, which corresponds with the positive pole of the 
pile; the other, of invariable diameter, is in connection with the upper or negative 
carbon. The diameter of the puUey, capable of varying proportionately to the using 
of the carbon, with which it is in communication, may be increased from three to 
five. The object of this arrangement is to preserve the luminous point at a con- 
venient level, whatever may be the thickness or the nature of the carbons. It is only 
necessary to know that at each change of kind or volume of the carbon, the diameter 
of the pulley must be made to vary. This variation results from that of a movable 
drum, communicating with six levers, articulated near the centre of the sphere ; tlie 
movable extremity of the six arms of the lever carries a small pin, which slides in 
cylindrical slits. These slits are oblique in respect of the sphere ; tliey form inclined 
planes. A spiral spring always rests upon the extremity of the levers ; so that, if 
the inclined planes are turned towards the right, the six levers bend towards the 
centre, and diminish the diameter. If, on the contrary, they arc turned towards the 
left, the diameter increases, and with it the velocity of the translation of the carbon, 
which communicates with the pnUey. We may notice, in passing, that this apparatus 
is marvellonsly adapted to the production of all the experiments of optics, even the 
most delicate ; and that, in this respect, it advantageously supplies the place of solar 
light. As it is quite impossible to describe accurately the minute-arrangements of 
this instrument, the letters of reference have not been used in the text. 

Dr. Richardson informs us, that although Mr. Grove calculated, some years ago, 
that for acid, zinc, wear and tear, &c. of batteries, a light equal to 1444 wax candles could 
he obtained for about 3s. 6d. per hour, the cost of the light employed for about five 
minutes at Her Majesty’s Theatre, as an incident in the ballet, which was obtained by 
employing 75 cells of Callan’s battery of the largest size, was said to be 21. per night, 
or at the rate of 20/. per hour. In this calculation we expect we have not a fair re- 
pftsentation of all the conditions. To obtain a light for ten minutes, a battery as 
large must be used as if it were required to be maintained in activity for hours — and 
probably the battery was charged anew every evening. There can be no doubt but 
the cost of light or of any other force from electricity, with our present means of pro- 
ducing it, must be greatly in excess of any of our ordinary means of producing illu- 
mination. For a ctmsideration of this subject, see Electro- motive Engines. Mr. 
Grove proposed a light which should be obtained from incandescent platinum, but the 
objection to this was, that after a short period, the platinum broke up into small par- 
ticles, the electric current entirely disintegrating the metak Mr. Way has lately 
exhibited a very continuous electric light, produced from a constant flow of mercury 
rendered incandescent by the passage of the electric current. 

ELECTRIC WEAVING. M. Bonelti devised a very heantifol arrangement, by 
which all the work of the Jacquard loom is executed by an electro-magnetic arrapge- 
ment. The details of the apparatus would occupy much space in the most concise 
description, and as the invention has not passed into use, although M. Froment has 
modified and improved the machine, we must refer those interested in the subject to 
the fulWeseription given in De la llive’s Treatise an Eleeb icity by Walker. 

ELroTRO-GILDING BATH. See Cyanides. « 

ELECTRO- METALLURGY. The art of working in metals was carried on 
exclusively by the aid of fire until the year 1 839. At that epoch a new light dawned 
upon the subject ; considerable interest was excited in the scientific world, and much 
astonishment among the genefal public by the announcement that electricity, under 
proper management, and by most easy processes, could supersede the furnace in not 
a few operations uppn metals ; and that many operations with metals, which could 
scarcely be entertained under the old condition of things, might be placed in the 
bands of a child, when electricity is employed js the agent. 
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.. Public attention was first directed to tbe important disco-very by a notice that 
^peared in the Athenaum of May 4, 1839, that Professor Jacobi of St Petersburg 
had “ found a method of converting any line, however fine, engraved on copper, into 
a relief, by galvanic process.” Jacobi’s own account of the matter was that, while at 
Dorpat, in February, 1837, prosecuting his galvanic investigations, a striking phe- 
nomenon presented itself, which furnished him with perfectly novel views. Official 
duties prevented his completing the investigation, thus opened out to him, daring the 
same year ; and it was not until October 5, 1838, that he communicated his dis- 
covery, accompanied with specimens, to the Academy of Sciences at St. Petersburg j 
an abstract of which paper was published in the German News of tbe same place on 
October 30 of the same year. And in a letter of Mr. Lettsom, dated February 5, 
1 839, the nature of the discovery is thus given in the following March number of the 
Annals of Electricity. Speaking of a recent discovery of Professor Jacobi’s he says, 
“ He observed that the copper deposited by galvanic action on his plates of copper, 
could by certain precautions be removed from those plates in perfect sheets, which 
presented in relief most accurately every accidental indentation on the original plate. 
Following up this remark, he employ^ an engraved copper-plate for his battery, 
caused the deposit to be formed on it, and removed it by some means or other ; he found 
that the engraving was printed thereon in relief (like a woodcut) and sharp enough 
to print from.” This paragraph does not appear to have caught the eye of the 
public so readily as the briefer note that appeared a couple of months later in the 


Athenceum. 

On May 8, or four days after the appearance of the notice in the Atheneeum, Mr. 
Thomas Spencer gave notice to the Polytechnic Society of Liverpool that he had a 
communication to make to the society relative to the application of electricity to the 
arts. He subsequently desired to communicate the result of his discoveries to the 
British Association whose meeting was at hand ; but, for some cause, which does not 
appear, the commun-cation was not made ; and it eventually was made public, as at 
first proposed, through the Polytechnic Society of Liverpool, on September 12, 1839. 
In the meantime, namely on May 22, Mr, C, J. Jordan, referring to the notice in the 
Athenajum, wrote to the Mechanics' Magazine that, at the commencement of the 
summer of 1838, he had made “ some experiments with the view of obtaining im- 
pressions from engraved copper-plates by the aid of galvanism.” His letter de. 
scribing this process appears in the number for June 8. It occurred to from 
what he had gathered from previous experience, that an impression might be ob- 
tained from an engraved surface ; and so it was, “ for on detaching the pr^pit^ed 
metal, the most delicate and superficial markings, from the fine particles of powder 
used in polishing to the deeper touches of a needle or graver, exhibited their cor- 
respondent impressions in relief with great fidelity. _ ^ l a- i. in 

Mr. Spencer in his communication, besides noticing the fidelity with which tne 
traces on an originalTilate were copied, recorded the case of a copper-plate ttot h^ 
become covered with precipitated copper, excepting in two or thiw pla^, where hy 
accident some drops of varnish had faUen; whence it twourred to him, and experiment 
confirmed his conjecture, that a plate of copper might -rarnislirf, and a design made 
through the vamUh with a point, and copper might be deposited upon the metal at 
the exposed part, and thus a raised design be procured. . 

In Philosophical Magazine for December. 1836, Mr. De la Rue, after describ ng 
a form of voltaic battery, refers to the well-known condition on which the Pr^erties 
of t™ battery in questira mainly depend, that “the copper-plate is also covered with 
a coatine of metric copper, which is continually being deposit^ i and he goes on 
to deserfbe that “so perfect is the sheet of copper thus formed that being 
ouk it haVtheLunterpart of every scratch of the plate on which it is deposit^.” 
Daniell himself whose battery is here in question, nouced as he cwld not fad to 
^ if com^in ^ith all who had employed his batte^ to any extent, the same pecu- 
]iarM« “rS res ^t appear that either he or De la Bue or any one ‘o whom 

toerrnomenon presented itself before Jacobi, Jordan, ot Spencer, caught the idea of 
ine pnenorae^n prescuic , v annear that the impression came vriih the 

Its applicability in the • latter- for while but little time seems to have been lost 
peater vividness to eLpsed between the tia when 

rffrf^dy novfl ^^iews” fi’rst prSented themselves to Professor Jacobi and the 
tne pCTieciiy npm Llyanic production” was communicated to the 

time when h.s “ ^ther Hand, neither Mr. Jordan nor Mr. 
Imperial Academy been* so sensible of the importance 

Spencer appear, as fa arrived as to have taken any steps to secure them 

^ an ifventton oT to Jabli^h tf m, nntil their attention was arched by the previous 

also Shaw’s “ Electro-metallorgy.” Walker’s 
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“ Electrotype Manipulation,” four well-known works on the subject before us, presei^ 
the different names under which the art is known ; and from which it is gathers 4. 
that metals may become, as it were, plastic under the agency of galvanic electrici^/, 
and may be worked and moulded into form. Voltaie pairs are described in general 
terms in the article on Electbo-Telegraphy. The particular voltaic pair which led to 
the discoveries now before us, here requires special notice; because, ou the one hand, 
while in use for other purposes, it was the instrument which first directed attention 
forcibly to the behaviour of metals under certain conditions of electric current ; and, 
on the other hand, it has been itself extensively used in electrotype operations. 
Professor Daniell first described his mode of arranging a voltaic pair in the Philo- 
sophical Transactions for 1836. Fig. 695 shows one cell complete of Daniell’s com- 
bination, which from its bebavionr is called a constant battery, a is a copper vessel ; 

B a rod of zinc, contained in a tube c of porous earthenware. 
The fiqnid within the tube c is salt and water, in which case the 
zinc is in its natural state; or, sulphuric acid and water, in 
which case the zinc is amalgamated; the latter arrangement being 
the more active of the two. The liquid in the outer vessel a, con* 
sists of crystals of sulphate of copper, dissolved in water. At c 
is a perforated shelf of copper below t^he surface of the liquid, 
upon which are placed spare crystals of sulphate of copper, which 
dissolve as required, and serve to keep up the strength of the 
solution in proportion as the copper already there is extracted by 
the voltaic action hereafter to be described, a and b are screws, 
to which wires may be attached, in order to connect up the cell 
and convey the current from it into any desired apparatus. Certain 
chemical changes take place when this instrument is in action ; 
oxygen from the water within the porous tube combines with 
zinc, making oxide of zinc, which enters into combination with 
sulphuric acid, producing as a final result sulphate of zinc ; hydro- 
gen is liberated from water in the outer cell, and itself liberates 
oxygen from oxide of copper, and combines with it producing 
water, and leaving copper free. As far as the metals are con- 
cerned, zinc is consumed from the rod b, at the one end, and copper is liberated 
upon the plate A, at the other end. These actions are slow and continuous ; and 
the copper, as it is liberated atom by atom, appears upon the inner surface of the 
cell ; aud after a sufficient quantity has been accumulated, may he peeled off or 
removed ; when it will he found to present the marks and features of the surface 
from which it has been taken, and which, as we have already said, arrested the 
696 attention of many into whose hands this instrument fell. A slight 
modification of the above arrangement gives us a regular electro- 
type apparatus. The ceil c in this arrangement {fig. 696), is of glass 
or porcelain, or gutta percha, filled as before with a saturated solution 
of sulphate of copper, to which a little free acid is generally 
added ; it is provided with a shelf or other means of suspending 
crystals of sulphate of copper. A zinc rod z is placed in a porous 
tube p, as already described; and m, the other metal of the voltaic 
pair, is suspended in the copper solution and connected with the 
zinc z by the wire w. The electric enrrent now passes; zinc is 
consumed, as in fig. 695, hut copper is now deposited on the metal 
m front and hack, and on as much of the wire to as may be in the 
liquid ; or, if Mr. Spencer’s precaution is taken of varnishing the 
wire and rite back of the metal m, all the copper that is liberated 
will he accumulated on the fiwje of m. If salt and water or very 
weak acid water is contained in the porous tube p, and the zinc z 
dMS not considerably exceed in size the metal m, the conditions will he complied 
with for dejwsiting copper in a compact reguUne form. 

It is obvious that, with this arrangement, m may he a mould or other form in 
metal, and that a copy of it may be obtained in copper. Fusible metal, consisting 
of 8 pflMs of bismuth, 4 of tin, 5 of lead, and I of antimony ; or 8 part^ bismuth, 
3 tin, and 5 lead, is moch used for taking moulds of medals. The ingredients are 
well melted together and mixed ; a quantity sufficient for the object in view is 
poured njmn a slab or board and stirred together till about to set ; the film of dross 
is then quickly cleared from tine surface with a card, and the cold medal is either 
projected upon the bright metal, or l>eing previously fitted in a block of wood is 
applied with a sudd^ blow. Moulds of wax or stearine variously combined, or 
more recently aiul hCttep in many cases, moulds of gutta percha, are applicable to 
many purposes. But, as noim of these latter materials conduct electricity, it is ne- 
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5 sary to provide them with a conducteons Burfaoe. Plumbago or biaek lead is 
^ employ^ for this purpose; it U rubbed ow the surface of the 
fn ^ P'.ece of wool on a soft brush, care being taken to continue it as far as 

***® “ connected with the zinc. With 

commences thronghont the entire sur- 
face at once ; bnt, with moulds having only a film of plum&go for a conductor 

e«ends itself gradually Mtil it has been de- 

veloped on all parts of the surface. 

The nature of the electro-chemical decompositions that are due to the passaee of 
voltaip currents through liquids, especially through liquids in which metal is in cer- 
tain terms contained, can be best understood by studying the arrangement that is 
most commonly used m the arts, wherein the voltaic apparatus, from which the 
electric current is obtained, is distinct and separate from the vessel in which the 
electfo-metellurgical operations are being brought abont. Such an arrangement is 
shown m fig. 697, where a is a Daniell’s cell, as in fig. 695 ; and B a trough flUed with 



an acid solution of sulphate of copper ; m is a metal rod, on which the moulds are hung ; 
and c a metal rod, upon which plates of copper are hung facing the moulds ; the 
copper-plates are_^conneoted by the wire z with the copper of the battery cell, and 
the moulds by the* wire x with the zinc rod. The voltaic current is generated in the 
cell A, and its direction is from the zinc rod, through the solutions to the copper of 
the cell ; thence by the wire z to the plates of copper c ; through the sulphate solu- 
tion to the moulds m ; and thence by the wire x to the zinc rod. In this arrangement, 
no shelf is necessary in the trough n for crystals of sulphate of cop^r to keep up the 
strength of the solution ; for the nature of the electro-chemical decompoiitioos is 
such, that in proportion as copper is abstracted and deposited upon the. BMolds n, 
other copper is dissolved into the solution from the plates c. Water it the prime 
subject of decomposition. It is a compound body, consisting of tbexgases oxygen 
andhydrogen,andmay be represented by fig. 698, where 
the arrows show the direction in which the current, by 
the wire p, enters the trough B of fig. 697 by the plate of 
copper 0 , and passes through the water in the direction 
shown, and leaves it after traversing the mould by the 
wire 71. Two atoms of water o H and o' h', as bracketed 
1 and 2, are shown to exist before the electric current 
passes ; and two atoms, one ofwater B o' (Tiracketed T), 
and one of oxide of copper o c, exist after the action. On 
the one hand an atom of copper c has come into the solution ; and, on the other hand, 
the atom of hydrogen h', belonging to the second atom of water, is set free and rises 
in the form of gas. The explanation is to show that oxygen is liberated where the 
current enters, and combines there in its nascent state with copper ; it would not have 
combined, for instance, with gold or platinum. We might easily extend this sym- 
bolical figwre, and show how that, when free sulphuric acid is in the solution, the 
oxide of copper on its formation combines with this acid to produce the sulphate of 
copper required ; and how, when free sulphate of copper is present, the hydrogen, 
instead of being freed in the form of gas, combines with oxygen of the oxide of cop- 
per, and liberates the metal, which in its nascent staf! is deposited on the mould, 
and produces the electrotype copy of the same. One battery ceil is sufficient for 
working in this way in copper ; it is increased in size in proportjjpn to the size of the 
object operated upon. And, although for small subjects, such as medals, a vertical 
arrangement will act very well ; for itfge objects, it has been often found of great 
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advantage to adopt a horizontal arrangement, placing the moald beneath the coppepr 
plate» The varying density of a still solution in the vertical arrangement is n #t 
without its effect npon the nature of the deposit, both on its character and its relative 
thickness. This has been in some instances obviated, and the advantage of the ver- 
tical method retained by keeping the solntion in motion, either by stirring or by a 
continuous flow of liquid. 

We have described principally Daniell’s battery as the generating cell in Electro- 
metallurgical operations ; hut Mr. Smee’s more simple arrangement of platinized 
silver and zinc, excited with dilated sulphuric acid, has been found in practice more 
economical and convenient. 

Fig. 699 is a Smee’s cell ; a vessel of wood, glass, or earthenware, contains diluted 
sulphuric acid, one in eight or ten, a platinised silver plate s, sustained by a piece of 
wood to, with a plate of zinc z z on each side, so as to turn to useful 
account both sides of the silver plate. The zinc plates are connected 
by the binding screw b. Platinization consists in applying .plati- 
num in fine powder to the metallic surface. When hydrpgen is 
liberated by ordinary electric action upon a surface so prepared, it 
has no tendency to adhere or cling to it; hut it at once rises, and in 
fact gets out of the way, so that it never, by its presence or linger- 
ing, interferes with the prompt and ready continuance of the electric 
action ; and in this way, the amount of supply is well kept up. 

Platinization is itself another illustration of working in metal by 
electricity. A few crystals of chloride of platinum are dissolved 
in dilated sulphuric acid. A voltaic current is made to enter this 
solution by a plate of platinum and to come out by a silver plate. 
Two or three Daniell’s or Smee’s cells are necessary for the ope- 
ration. The chloride of platinum is decomposed, and the metal is 
deposited upon the silver plate ; not, however, in the reguline 
compact form, as in the case of copper, hut in a stitte of black powder in no way 
coherent. This affords also an illustration of the different behaviour of metals 
under analogons circumstances. Copper is of all metals the most manageable ; 
platinum is among the more unmanageable. 

Mr. C. V, Walker has, with great advantage, substituted graphite for silver. The 
material is obtained from gas retorts, and is cut into plates a quarter of an inch thick, 
or thicker, when plates of a larger size are cut. He platinizes these plates in the 
usual way as above described, and deposits copper on their upper parts, also by elec- 
trotype process, and solders a copper slip to the electrotype copper, in order to make 
the necessary connection. 

With the exception of silver and gold, copper is the metal which has been most 
extensively worked by these processes. 

Seals are copied by obtaining impressions in sealing-wax, pressing a warm wire 
into the edge for a connection ; rubbing blacklead over the wax to make the surface 
conducteous ; fastening a slip of zinc to the other end of the wire ; wrapping the zinc 
in brown paper, and putting the whole into a tumbler containing sulphate of copper, 
a little salt-water having been poured into the brown paper cell. 

Plaster of Paris Medallions may be saturated with wax or stearine, and then 
treated, if small, like seals ; if large, in a distinct trough, as in Jig. 697. In this case 
the copy is in intaglio, and may be used as a mould for obtaining the facsimile of the 
cast. More commonly, the cast is saturated with warm water, and a mould of it 
taken in wax, stearine, or gutta percha. This is treated with blacklead, and in other 
respects the same as seals. 

Woodcuts are treated with blacklead, and a copper reverse is deposited upon 
them. This is used as a mould to obtmn electrotype duplicates, or as a die for 
striking off duplicates- 

Stereottpe Plates are obtained in copper by taking a plaster copy of the 'type, 
treating it plaster fashion, depositing a thin plate of copper upon it, and giving ^ 
strength by backing up with melted lead. 

Old Brasses may be copied by the intervention of plaster. 

EmU^ssed cards or paper may be copied by first saturating with waj and then 
using blacklead. 

Fruit may be copied by the intervention of moulds, or may be covered with 
copper. Leaves, twigs, and branches .may have copper deposited upon them. 

The same for statuettes, bpsts, and statues. 

Leaves and flowers are furnished with a conducting surface by dipping them into 
a solution of phosphorus in bisulphuret of carbon, and then into a solution of nitrate 
of silver. Silver is enus released in a metallic state upon their surface. 
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-Plaster busts, &c., have been copied in copper, by first depositing copper on 
tl\ plaster prepared for this operation i when thick, enough, the original biMt is de- 
stioyed, the copper shell is filled with sulphate of copper, as in 697, and copper 
is deposited on its inner surface till of sufficient thickness ; the outer shell is then 
removed. 

Tubes and vessels of capacity do not appear to have been profitably multiplied 
by electrotype. 

Plates hkve been prepared for the engraver to work on by depositing copper 
on polished copper-plates, and removing the deposits when thick enough. 

Fo^^the multiplication of engraved copper plates, the electrotype process has 
been very extensively adopted. A reverse of the plate is first obtain^ by the depo- 
sition of copper ; this serves as a mould, from which many copies of the original 
plate are obtained by depositing copper npon it, and then separating the two. 
The mode practised by the Duke of Leuchtenberg is to print from an engraved plate 
on very thin paper with a mixture of resin of Damara, red oxide of iron, and essence 
of turpentine. While the impression is wet, the paper face downwards is pressed 
upon a polished plate of copper. When dry the paper is washed away, and the im- 
pression remains. An electrotype copy from this is obtained in intaglio, and is fit 
for the use of the printer. 

Galvanoobaphy is a picture drawn originally in varnish on the Knooth plate, 
and then treated in a similar way to the above* 

The PLATES on rollers used by cAuco printers have been mnltipUed hke en- 


graved plates. ^ , , TT vt t 

Glyphographt is a name given by Mr, Palmer to his process. He oJackens a 
fair copper-plate trith suTphuret of potassinin, covering it unifonuly -willi a coating of 
wax and other things, then draws the design through the wax with fine tools. From 
the plate thus prepared, an electrotype is taken in the nsnal way, and is hack^ np 
and mounted as an electro-glyphic cast to print from as from a wood hlock. For a 
Slerco-alvphic cast to work from as a stereotype plate, a plaster copy is taken of the 
original drawing, the high lights are cut out, and then an electrotype copy is made. 
EhKCTRO-TiNT U done by drawing with wax or varnish any design on a tair 

copper-plate, and making an electrotype copy for the printer’s nse. 

Fern-leaves, &e, are copied by being laid on a sheet of soft 
into the surface by a smooth plate to which pressure is applied, and then renm^d m 
order to subject the gutta percha mould to the electrotype process. This is Natitbe 

***MM™Au«'lndWorrmg have copied LAcas, embroiuert, flowe^ leaves of trees, 
entiKplInte! fossils, insecTs, &c., in their natural relief, by laying the P^’J*'** » 

plate of copper after having soaked them in spirits of wine andturpenUne so as to fix 
them. A%te of clean lead is laid over, and, on being pres^ an mtaghocopy is 
produced on it of the object. From this m elMtrotype is ^ 

^ TTnofrcut medallions, &c., are copied in elastic moulds made of treacle asa 
glu?irthrpropSsrf’l to’4. Masls and busts may also be obtained m such 

S;is ,"4 1 

to retain the black lead, and then treating them ^ The ends 

Soldering cower surfaces h^ been "P‘'f ^ “Jd eomceted 

to he united are placed together in induded^^the process are 

with the battery as for ordinary de^sitron. P separate pieces 

protected off by varnish j copper is then deposited, so as to mute the separate p 

into'bne. _ , .new feature comes into view. 

Iron may he coated with f^ohate combines with iron and deposits 

Sulphuric acid leaves the ® ipparatns. The iron surface is im- 

copper on its surface without depL^t In order to ohtsS soUd 

perfectly wvered with copper, no 

deposits of copper on iron. is used, which may be obtained by 
chemical reaction upon iron. ” This solution requires to be 

dissolving sulphate of copper in cyamdc o P° bclww 200° in order to give good 
raised to and retained at a temperature not greatly beMw 200 , in orue mg g 


results. 


X, •» to surfaces of iron, in order to protect them from 

Electro-zincotg m applied to snrt^^ , in a trough b, 

corrosion. A solution is made of sulphate of zinc, which is pmeeu m 
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fig. 697. Two or three battery cells are required. The iron to be zinced is connected 
with the zinc end of the battery, and a plate of zinc with the copper end. ,■ ' 

Voltaic bbass does not appear to have been obtained in a solid distinct forho, 
bnt has been snccessfully prodnced as a coating upon a copper surface. Separate 
solutions are made of sulphate of copper and of sulphate of zinc in cyanide of 
potasnnm. The two solutions are then mixed, and placed in a decomposing trough. 
Two or three cells of a battery are used, and a brass plate connected with the copper 
end. An electrotype copper medal or other prepared surface is connected with the 
zinc. Brilliant and perfect brass soon appears, and will deposit slowly for some 
hours ; but after a while, the character of the solution changes, and copper appears in 
place of brass. 

This hasty glance at the leading applications of this art will give an idea of its 
utility. It also comes into play in cases where least suspected. Pins were tinned 
by electrotype long before the art was known. Brass pins are thrown into solution 
of tin in cream of tartar, and are unchanged ; but when a lump of tin is thrown 
among them, a voltaic pair is formed, and tin is deposited on all the heap. Any 
stray pins detached from the mass, escape the influence. Space would fail us were 
we to go through the list of crystalline and of simple bodies formed by these pro- 
cesses ; as for instance, octahedral crystals of protoxide of copper ; tetrahedral 
crystals of proto-chloride of copper; octahedral crystals of sulphide of silver; 
crystals of subnitrate of copper ; bibasic carbonate of copper, and others too numerous 
to name, have all been formed by slow voltaic actions. The alkaline metals, po- 
tassium, sodium, &c., were first obtained by Davy in the galvanic way ; magnesium, 
barium, aluminium, calcium, &c.. are obtained by M Bunsen by operating upon the 
chlorides of these metals either in solution or in a state of fusion. 

Electbo-etchino is produced at the place where the current enters the decom- 
posing trough, as at the copper-plates c of fig. 697. A plate of copper is prepared as 
if for the graver ; its face is then covered with an etching ground of aspbalte, w ax, 
black pitch, and burgundy pitch ; and its back with varnish. The design is then 
traced through the etching ground with a fine point ; the plate is then placed in the 
trough B, containing either sulphate of copper or simply dilated sulphuric acid, and 
connected with the copper of the battery. After a few minutes it is removed, and 
the fine lines are stopped out with varnish ; it is then replaced, and again, after a 
few minutes is removed, and the darker shades are stopp^ out ; the parts still ex- 
posed are again subjected to the action, and the etching is complete. When the 
ground is removed, the design will be found etched upon the copper-plate ready for 
the printer. 

DAGtjERREOTVPE ETCHING is 3 delicate operation, and requires much care. The 
solution employed by Professor Grove was hydrochloric acid and water in equal 
parts, and a battery of two or three cells. 

Platinized silver is used in face of the daguerreotype, instead of copper. The result 
oomes out in about half a minute. An oxy-chloride of silver is formed, and the 
mercury of the plate remains untouched. 

A Photo-oai.vano-craphic Company has been formed in London for carrying 
out the process of Paul Pretsch. He makes solutions of bichromate of potash in glue 
water, or in solution of gelatine, instead of in pure water. He then treats the glass or 
plate with these, and in the usual way takes a picture. He washes the gelatine picture 
with water, or solution of borax or carbonate of soda, which leaves the picture in 
relief ; when developed, he washes with spirits of wine, and obtains a sunk design. 
The surfaces thus prepared, or moulds made from them in one or other of the modes 
already described, are placed in a galvano-plastic apparatus for obtaining an en- 
graved plate firmn which to prink Sw PHOTo-aALVANooRAPHT. 

The Duke of Leuchtenberg prepares a plate for etching by leaving the design on 
the ground, and removing the ground for the blank parts. When his electiWype 
operation is complete, the design is in relief instead of being in intaglio as in ordi- 
nary etching. 

Metallo-chromes consist of thin films of oxide of lead, deposited sometimes on 
polished plates of platinum, but most commonly on polished steel plates. The colours 
are m3Sl brilliant and varied. Nobili is the author of the process. 

A saturated solution of acetate of lead is prepared and placed in a horizontal 
trough. Three or four battery cells are required, A steel plate is laid in the 
acetate of lead with its polished surface upward, and is connected with the copper of 
the battery. If a wire is confected with the zinc end of the battery, and held over 
the steel plate in the solution, a series of circles in brilliant colours, arise from the 
spot immediately bqpeath the wire, and ex^nd and spread, like the circles when a 
stone is thrown into a pond. Silver-blond is the first colour ; then fawn-colour, fol- 
lowed by the various shades of violet, and indigoes and blues ; lak^ Uuish lake. 
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CTeen and orange, greenish violet, and passing through reddish yellow to rose-lake, 
^ich is the last colour in the series. 

According to the shape of the metal hy which the current enters — he it a point, 
a slip, a cross, a concave, or a convex disc — so is the form of the coloured figure 
varied. And if, in addition to this, a pattern in card or gutta percha is cut out and 
interposed between the two surfaces, the action is intercepted by the portions not 
removed, and the design is produced on the steel plate, in colours, that may be 
greatly varied, according to the duration of the experiment. The different colours 
are due to the different thicknesses of the thin films of peroxide of lead. 

M. Becquerel proposed the deposit of peroxide of lead, and also the red peroxide of 
iron, lor protecting metals from the action of the atmosphere. For the latter, proto- 
sulphate of iron is dissolved in ammonia solution, and operated up<m by two or three 
batteries. 

The most important application of electro-metallurgy in the arts has been for 
PLATING and GILDING, which is most extensively carried on both at home and abroad. 
Results that were unattainable, and others attainable only at great cost, are readily 
produced by this mode of manipulating. The liquids m(^t in use are the cyanide 
solutions, first introduced by Messrs. Elkingtons. They are prepared^n varidus 
ways. Cyanide of potassium is added carefully to dilute solution of nitrate of silver ; 
and the white deposit of cyanide of silver is washed, and then dissolved in other 
cyanide of potassium^' or lime water is added to the nitrate solution, and the brown 
deposit of oxide of silver is washed and, while moist, is dissolved in cyanide of 
potassium common salt is added to the nitrate solution, and the white deposit of 
chloride of silver is washed and dissolved in cyanide of potassium. Or a solution of 
cjanide of potassinm is placed in the trough h,Jig. 697 j and the current from thi^ 
or four cells is passed into it from a silver plate at c, which combines with and is 
dissolved into the liquid, converting it into a cyanide of silver solntion. To prevent 
silver being abstracted by deposition at m, as the current leaves the trough, the 
metal at m is placed within a porous cell of cyanide solution, so as to limit the action. 

Gold solution is obtained by dissolving the anhydrous peroxide of gold m cyamae 
of potassium, or by treating chloride of gold with cyanide of potassium, or by using 
a cold plate and a voltaic current with a solution of cyanide of potassium in me same 
way as described for silver j and allowing the action to continue until the wlution u 
sufficiently strong of gold. With these solutions electro-plating end g>Wu>g are 
readily accomplished. There are other solutions more or less valuable, which wiU be 

found in the books that treat upon the subject. , . * li.. 

Fw. 700 shows a single cell arrangement for plating. ““ “ 

bent to embrace both sides of the porous cell. The arucle to be plated is within this 



700 



ight. Gold does not^medowBqmte^ aecomplisbed and with 

Except for mere ex^riment, these opem solution of gold or silrer being 

is waste by using distinct batteries, as a, fig-jO , ^ heinn sasnended 

a distinc/ trougl J, plates of cells 2cS?’ to Ibf 

front of the article to be coate4 One or t tint nildinB is b«t« *o 

lired, are used for plating; and three^ or four for gilding. giw g 
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■well accomplished as it is -with hot solutions. The modes of keeping solutions hot 
vary with circumstances, and with the extent of the operations. Fig. 702 is fa 
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arrangemet^ for operations on a small scale. The vessel a b, containing the gold 
solution, rests over a small stove or spirit-lamp. The objects to be gilt are suspended 
by wires to the conducting rod d, in connection with the zinc end of the battery ; and 
the gold wire or plate e is connected with the other end. A temperature of from 1 00° to 
200° is desirable j the higher temperatures require fewer battery cells ; with the highest, 
one will suffice. The solution of course evaporates under the influence of heat ; and 
distilled water must be added to supply the loss, before each fresh operation. 

Plating and gilding is successfully and, in point of economy, advantageously 
carried on at Birmingham, in more than one manufactory, by means of magneto- 
electricity. In the article on EnECTBic-TELEGnAPHT will be found a description of this 
form of electric force ; and the means by which it is produced. An electro-magnet is 
set in motion in front of the poles of a permanent maguet, in such a manner that the 
soft iron core of the electro-magnet becomes alternately a magnet and not a magnet ; 
in the act of becoming a magnet, it raises up a correct in one direction in the wire 
■with which it is wound ; in the act of ceasing to be a magnet, it raises up a current in 
the reverse direction. The ends of the wire are led away and insulated. The instru* 
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ment is fitted with ^ connnutator, so adjusted that it collects the currents from the 
ends of the wire, ana guides them in a uniform direction into the vessel that contains 
the solution and articles to he gilded or plated. In practice, a single machine consists 
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of many electro-magnets grouped together, and many powerful magnets for exciting 
t^eni ; by which means a continuous flow of a large amount of electricity is ob- 
tt >ned. !• uj. 7 03 is an illustration of such an arrangement as adapted by Mr. Woolrich : 
a a a a are four clusters of permanent steel magnets, seen from above ; b bb b b\s the 
frame-work of the machine c c c e are four bars of soft iron, wound with large size 
insulated copper wire ; c/ is a circular disc, on which they are mounted, and which 
rotates on a vertical axis, of which f shows the upper end ; e is the commutator, 
from which two wires are led off to the solution to be operated upon. The permanent 
magnets are U shaped ; one pole only of each bundle is visible ; the other is beneath 
the disc d, and its freight of electro magnets c c, &c. The axis is set in rotation by 
a str*?p passing over the drum of a shaft of the steam-engine, that does the ordinary 
work in a factory ; and the disc carries the electro-magnets between the poles of ftie 
permanent magnets, and exposes them to the most favourable action of these poles. 
The number of coils and magnets vary in proportion to the work required. By this 
arrangement, not only does each coil pass under the influence of many magnets, hut 
each magnet acts successively on many coils ; and a proportionate supply of electri- 
city is the result — C. V. W. 

ELECTKO-IIOTIVE ENGINES. The following remarks on this subject are an 
abstract of a communication read by tbe editor to the Institution of Civil Engineers^ 
for wliich they awarded him their Telford Medal. 

Numerous electro-magnetic machines have been made, but a few only of these 
require to be described. In 1 832, Salvatore Dal Negro published an account of the at- 
tempts made by him in this direction. As Dal Negro’s engine was of a very simple 
and effective kind, the Professor’s description of it may be quoted : — “As 1 had been 
successful in producing temporary magnets of very great power, with very small elec- 
tro-motors, I endeavoured to apply this power to moving machinery. I will now 
briefly state by what means I endeavoured to set a lever in motion. I first used a 
magnetic steel bar, placed vertically between one end of a temporary magnet The 
bar vibrated from the attractions and repulsions which took place between its north 
polo and the north and south poles of the electro-magnet In the same way a motion 
may be effected in a horizontal plane. I also set in motion a similar bar, by allowing 
a piece of iron, set free from the magnet at the moment when its “power became — 0 
to fall on one of its ends, after this it was immediately re-attracted. ^ This can be ef- 
fected in two ways : the one may be employed when a quick motion is to be produced 
and the second when a greater force is wanted ; in the first case the weight falls only 
just out of the power of the magnet’s attraction, and the instant the weight has fallen 
upon the bar, or lever, it is re-attracted by tbe magnet that the action may be re- 
peated: it is always small In comparison with that which the magnet cannot support 
whilst in contact. In the second case the whole weight which the magnet can carty 
is employed, and use is made of the force which draws it to the magnet.” Upon this 
was founded several other attempts, particularly one by Dr. Schulthess, who was so 
satisfied with the result, that he wrote in 1833 : If we consider that electro-magnetg 

have already been made, which were capable of carrying 20 cwts., and that there is 
no reason to doubt that they may be made infinitely more powerful, I think I may 
boldly assert, that electro-magnetism may certainly be employed for the purpose^ of 
moving machines.” Professor Botto of Turin, also employed “a lever put in motion 
(in the manner of a metronome) by the alternating of two fixed electro-magnetic 
cylinders, exerted on a third movable cylinder, connected with the lower arm of the 
lever, the upper part of which maintains a metallic wheel, serving in the ordinary 
way, as a regulator in a continuous gyratory motion.” It will be evident to any one 
who has observed the motion of many of the electric clocks, that this is m several 
respects similar to the pendulous motions adopted. 

In 1835, Professor Jacobi, of St. Petersburg, published an account of his experi- 
ments, which were carried out on a large scale, regardless of cost, at the expense of 
the Fmperor Nicholas. His first idea was to employ the attractive and repellant 
powers of magnetic bars, so that he might obtain an advancing ^d receding motion, 
which could be easily changed into a continuous circular motion. A great many 
machines have been made upon this principle ; but Jacobi, alone, as far as e 
learned, has pointed out the true cause of their failure. “ We know, he saj s, the 
in effects oi shocks in the movements of machines, but there is here, another incon- 
venience which IS not simply mechanical. The soft iron, by these re^wated shocks 
and vibrations, gradually acquires at the surface of contact the nature of steel ; there 
will be a considerable pemanent magnelisin, and the tn^nsient ma^etic f^ce which 
alone produces the movement, will be weakened in proportion. A numbei o ex- 
periments, which I have made upon the magnetic force of a bar of soft iron, bent 
into a horseshoe form, has shown me the great disadvantage of often repeated shocks, 
proceeding from the sudden contact of the armature.” 

VoL II - u 
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Jacolfi, finally setting aside all oscillating motions, produced a machine giving conti- 
nuouscircular motion, by fixing eight electro-magnetic bars on a disc, movable round 
axis— and eight fixed bars similarly arranged upon a fixed platform. The arrangj- 
ment of the bars admitted of much variety, provided it was exactly symmetrical, and 
that it allowed the poles to approach each other as nearly as possible. Arrangements 
were made, with much ingenuity, by which the poles of the magnets were inversed 
directly, and so that that inversion should take place precisely at that point where 
the bars were opposite each other. One hundred and forty-four inversions in the 
second were readily effected, and Jacobi declared it would be easy with his apparatus 
“ to change, or to completely interrupt, the electric current, one thousand, or more, 
times in a second.’* 

A machine constructed upon this principle was, at the desire and at the cost of an 
Imperial Commission, put on board a ten-oared shallop, equipped with paddle-wheels, 
to which the electro-magnetic engine communicated motion. The boat was 28 feet 
long, and 7^ feet in width, and drew feet of water. In general, there were ten or 
twelve persons on board, and the voyage on the Neva was continued during several 
entire days. By these experiments Jacobi was led to the conclusion, that a battery 
of 20 square leet of platinum would produce power equivalent to one Korse ; and the 
vessel went at the rate of four miles an hour. In 1839, Jacobi tried another experi- 
ment, with a battery of 64 platinum plates, each having 36 square inches of surface ; 
when the boat, with a party of 14 persons on board, went against the stream at the 
rate of 3 miles an hour. 

In 1837, Mr. Thomas Davenport, of the United States, constructed a rotary engine, 
in which permanent and electro-magnets were employed. Mr. Taylor, in 1839, 
patented an electro-magnetic engine, both in America ai d in this country, the prin- 
cipal novelty in which was, that instead of changing the poles of the magnets, the 
electric action was, at fixed rapid intervals, entirely suspended. In 1837, Mr. David- 
son, of Edinburgh, constructed an engine, in which he produced motion by simply 
suspending tbe magnetism, without a change of the poles. Mr. Robert Davidson 
placed an electro-magnetic locomotive on the Edinburgh and Glasgow Railway ; tbe 
carriage was 16 feet long, and 6 feet broad, and weighed about 5 tons. All the 
arrangements appear to have been very complete, but when put in motion on the 
rails, it was not possible to obtain a greater speed than four miles an hour. 

Professor Page’s electro-magnetic engine was for some time looked upon as a 
triumph. The fundamental principle of it is thus described: “ It is well known 
that when a helix of suitable power is connected with the poles of a battery in action, 
an iron bar, within it, will remain held up by tbe induced magnetism, although the 
helix beqilaced in a vertical position; and if the bar is partly drawn out of the helix 
by the hand, it goes back with a spring, when the hand lets go its hold. This power, 
—the action of the helix upon the metallic bar within it, — is the power used in Page’s 
engine.” Professor Page exhibited one of his engines, of between 4 and 5 horse- 
power, at the Smithsonian Institution; the battery to operate with being contained 
within a space of 3 cubic feet. It was a reciprocating engine of 2 feet stroke, and 
the whole, including the battery, weighed about one ton. Professor Page stated, that 
the consumption of 3 lbs. of zinc per day would produce one horse-power. This 
statement ret^mres further investigation. 

Many similar attempts have been made, to construct effective roaebines to be 
moved by tbe power of tbe voltaic battery. Among others, Mr. Henley constructed 
an electro-magnetic engine of considerable power, for Mr. Talbot, and another for 
Professor Wheatstone, In these there were many ingenious mechanical arrange- 
ments, invented to overcome some of the difficulties hitherto encountered ; but the 
physical conditions were similar to those already described. Mr. Talbot's engine 
was 3 feet 6 inches long, and 2 feet 6 inches wide ; when excited by a Grove’s 
battery, consisting of four cells with double plates of zinc, 9 inches by inches, 
platinum plates 9 inches by 5 J inches, excited by diluted sulphuric acid in th? pro- 
portions of 1 to 4, and concentrated nitric acid, it drove a lathe, with which was 
turned a gun-metal pulley 5 inches in diameter ; but in three quarters of an hour the 
batt^ was quite eiiausted. 

Hjorth, a few years since, exhibited in London a large machine,^onstructed 
somewhat on the principle of Page’s ; this, however, failed to produce any great me- 
chanical effect, and it appears to have been abandoned. Dr. Lardner stated, in 1851, 
that M Gustave Froment, of Paris, was using, with much advantage, an electro-mag- 
netic engine in his worksh<?|)S for taming lathes, planing machines, &c. Its use, 
however, appears to have been abandoned, on account of the great cost of the battery 
power. ^ 

Hankel and Fessel, on the Continent, the Rev. James William M'Gauley, Dr. 
Kemp, and others, in Great Britain, have, at different times, excited much attention 
by the ingenious machines which they have^onstructed. 
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Notwithstanding these numerous trials, and, connected with them, an almost infi- 
nite amount of experiment, it does not appear, that any satisfactory explanation has 
e ver been given of the causes which have led to the abandonment of the idea of em- 
ploying electricity as a motive power. It was mainly with the view of directing atten- 
tion to these causes, that the essay read was written. 

Electro-magnetism undoubtedly affords an almost unlimited power. An electro- 
magnet may be constructed which shall have a lifting power equal to many tons. 
It is probabfe, that there are limits beyond which it would not be possible to increase 
the power of electro-magnets ; those limits have not yet been reached j hut supposing 
theI^ to be attained, there is nothing to prevent the moltiplying of the number of 
electro-magnets in the arrangements. It may be stated, in connection with this part 
of the subject, that from experiments made with Hearder’s magnetometer, it appears 
that the development of magnetism in iron observes some specis^ p^uliarities. These 
may be thus stated : — With the same electro -magnet there is, as the voltaic pmrb in 
the battery are increased, a gradual increase of magnetic force. With from one to 
seven elements there appears an average excess of 31 lbs, ; alter this point, with the 
increase of battery power, by the addition of pair after pair of zinc and platinum 
elements, the production of power bears a decreasing ratio to the power employed, 
and at last, the addition of five elements was not found to produce an increase of ef- 
fect equivalent to the value of one element. In all experiments, therefore, on elec- 
tro-magnetic machines, the experimentalist has first to determine the utmost power 
which the soft iron is capable of assuming, in relation to, — 1st. The number of coils 
of wire on the iron j and 2nd, the number of elements employed in the exciting 
source— the voltaic battery. The length of the iron and its thickness are also points 
demanding special considerations from the constructor of an electro-magnetic machine. 

There remains now to examine the production of the power, Electro-Magnetism. 

The electro-mechanician is dependent upon his battery, in the same way as a 
steam engineer is dependent upon his fire and his boiler, for the production of me- 
chanical effect. 

Voltaic batteries vary in their effects, and hence arise statements "which differ 
widely from eacli other, as to the result obtained, hy the destruction (? change of 
form) of a given quantity of metal in the battery. m • ^ . 

Dr. Botto states, that 45 lbs. of zinc, consumed in a Grove’s battery, are sufficient to 
work one-horse power electro-magnetic engine for twenty-four hours. 

Mr. Joule says the same results would have been obtained, had a Daniell s hattery 
been used, by the consumption of 75 lbs. of zinc. 

It is impossible, on the present occasion, to enter into the theory of the voltaic 
hattery, or to describe the varieties of arrangement which have been adopted for 
rating (developing) electrical force in the form of a current, with the greatest effect. 

On this point the evidence of Jacobi may he quot^ : — With re^rd to the 
magnetic machine, it will he of great importance to weaken the effects of ‘>>e 
current, without at the same time weakening the magnetism of the tors. It is the 
alternate combination of the pairs of plates m the voltaic pile, which to 

increase the speed of rotation at will. We know the magnetic power of the enmnt 
is not sensibly augmented by increasing the number of the pairs ^ 

counter current is considerably weakened by Us being forced to pass throngh a great 
many layers of liquid. In fact, on using twelve voltaic pairs, each, half » 
foot, instead of four copper troughs, each with a surface two square feek which I 
had hitherto used, the speed of rotation rose at least 2oO or 300 revoluUons in 

“Xchanical force, whether obtained in the form ‘®^'Cthe 

sfeam-power, or electricM-power, is the result of a chang o maintained bv the 
animal, it is the result of muscular and nervous energy, which “ 
due supply of food to the stomach. In the steam-engm^ it » ^ f ^^P^" 

pressure which is kept up hy the constant addition of foel to the nres, nnaer me 
b^leT’lnthe mLnetfomacbine, it is the result of c^nts cirenlating though 
wires, and these eSrents are directly dependent npon the chemical change o^zinc 
or of some .ther metal in the hattery. Then, 

Animal power depends on food. 

Steam power depends on coal. 

Electrical power depends on tmn. 

Aneauivalentofcoal is consumed in the furnace — that is, it unites its car^n 
with oxygen to form carbonic acid, and its hydrogen with ox^en to fom watw, 
and dnrinl this change of state the quantity of heat developed has a constant relation 

to the chemical s^ion going on. «« 

H 8 
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Mr. Joule has proved bp a series of most satisfactory experimeuts, that : “ The 
quantity of heat capable of increasing the temperature of a pound of water by oir) 
degree of Fahrenheit’s scale is equal to, and may be converted into, a mechanical 
force capable of raising 838 lbs. to the perpendicular height of one foot.” 

Mr. J. Scott Bussell has shown that in the Cornish boilers, at Huel Towan and the 
United Mines, the combustion of one pound of Welsh coal evaporates of water, from 
its initial temperature, 10-58° and 10-48° n spectively. “ But,” says Mr. Joule, “ we 
have shown that one degree is equal to 638 lbs. raised to the height of one foot. 
Therefore the heat evolved by the combustion of one pound of coal is equivalent to the 
mechanical force capable of raising 9,584,206 lbs. to the height of one foot, «oi- to 
about ten times the duty of the best Cornish engines.” 

Such are the conditions under which heat is employed as a motive power. An 
equivalent of zinc is acted on by the acid in the cells of the battery, and is oxidised 
thereby. In this process of oxidation a given quantity of electricity is set in motion ; 
but the quantity available for use, falls very far below the whole amount developed 
by the oxidation of the zinc. The electricity, or electrical disturbance, is generated 
on the surface of the zinc ; it passes through the acidulated fluid to the copper plate 
or platinum plat% and in thus passing from one medium to another, it has to overcome 
certain mechanical resistances, and thus a portion of the force is lost. This takes place 
in every cell of the voltaic arrangement, and consequently the proportion of zinc which is 
consumed, to produce any ^nal mechanical result, is considerably greater than it should 
be theoretically. 

Joule gives as the results of his experiments, the mechanical force of the current 
produced in a Daniell’s 'oattery as equal to 1,106,160 lbs. raised one foot high, per 
pound of zinc, and that produced in a Grove’s battery as equal to 1,843,600 lbs. raised 
one foot high, per pound of zinc. 

It needscarcely be stated, that this is infinitely above what ean be practically ob- 
tained. A great number of experiments, made by the Author some years since, 
enabled him to determine, as the mean average result of the currents, produced by 
several forms of battery power, that one grain of zinc, consumed in the battery, 
would exert a force equal to lifting 86 lbs. one foot high. Mr. Joule and Dr. Scoresby 
thus sum up a series of experimental results: “Upon the whole, we feel ourselves 
justified (n fixing the maximum available duty of an electro-magnetic engine, worked 
by a Daniell's battery, at 80 lbs. raised a foot high, for each grain of zinc consumed.” 
This is about one-half the theoretical maximum duty. In the Cornish engines, doing 
the best duty, one grain of coal raised 143 lbs. one foot high. The difi'ercnce in the 
cost of zinc and coal need scarcely be remarked on. The present price of the metal 
is 35/. per ton. and coal ean be obtained, including carriage to the engines, at less 
than 1/. per ton ; and the carbon element does two-thirds more work than can possi- 
bly be obtained from the metallic one. 

^ By improving the battery arrangements, operators may eventnally succeed in 
getting a greater available electrical force. But it must not be forgotten, that the 
development of any physical force observes a constant law. Whether in burning coal 
in the furnace, or zinc or iron in the battery, the chemical equivalent represents the 
theoretical mechanical power. Therefore, the atomic weight of the carbon atom being 
6, and that of the zinc atom being 32, it is not practicable, under the best possible ar- 
rangements, to obtain anything like the same mechanical power from zinc which can 
be obtained from coal. Zinc bums at an elevated temperature ; in burning a pound 
of zinc there should be obtained, as heat, the same amount of mechanical power which 
is obtained as electricity in the battery. The heat being more easily applied as a 
prime mover, it would be far more economical to bum zinc under a boiler, and to use 
it for generating steam power, than to consume zinc in a voltaic battery for generating 
clectro-magnetical power. 

ELECTRO-PLATING AND GILDING IRON. Professor Wood, of Spriimfield, 
Massachusetts, in a paper, which he hascommunicatedto the Scientific American, recom- 
mends the following as useful recipes forthe electro-metallurgist. He says, “ I believe it 
is the first time that a solution for platingdirectoniron,steel,or Britannia metal has been 
publiihed. In most of the experiments I have used Smee’s battery- ; but for depositing 
brass I prefer a battery fitted up as Grove’s, using artificial graphite — obtained from 
the inside of broken coal-gas retorts — in the place of platinum. With one large cell 
(the zinc cylinder being 8 r 3 inches, and axcited with a mixture of one part sulphuric 
acid and twelve parts water, ,^he graphite being excited with commercial nitric acid) 
I have plated six gross of polished iron buckles per hour with brass. I have also 
coated type and stereotype plates with brass, and find it more durable th'an copper- 
facing.” r 

To prepare Cyanide of Sdrer. — 1. Dissolve I oz. of pure silver itt.ioz. of nitric 
acid and 2 oz. of hot water, after which add 1 quart of hot wfiter.' 2. Dissolve 
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5 oz of the cyanide of potassium in 1 quart of srater. To the first preparatiou add 
degrees a small portion of the second preparation, imtil the whole of the silver is 
precipitated, which may be known by stirring the mixture and allowing it to settle, 
the end'^^L‘“T f 'feTy smaU quantity of the second pre^ration from 

wLl” of fh rendered tmbid, it is a proof that the 

^ » lllf rr “ i/. on ‘te other hand;;%ie liquid is not altered, it 
is a proof 1 ^ the silver ts separated. The clear Uquid is now to be poured off, Md 
ae prec^itale, which is the cyanide of silver, washed at least four times in hot 
The precipitate may now be dried and bottled for use. To prepare Cyanide 
— Oissolye 1 oz. of fine gold in 1-4 oz. of nitric acid and 2 oz. of mfeStic 
acid ; after it is dissolved add 1 quart of hot water, and precipitate with the second 
preparatipn, proceeding the same as for the cyanide of silver. To prepare Cyanides 
oj Copper and ZuK.— For copper, dissolve 1 oz. of sulphate of copper in 1 pint oiniot 
water. For zinc, dissolve 1 oz. of the snlphate of zinc in 1 pint of hot water and 
pro<^ed the same as for cyanide of silver. The electro-plater, to insrure success in 
plating upon all metals and metallic alloys, must have two'solntions otpilver; the 
bust to whiten or fix the silver to such metals as iron, ste«l, Britamim metal, and 
Oerman silver j the second to finish the work, as any amount of silflto can be deposited 
state from the second solution. First, or Whitening Soluium.—Dim>\Te 
S j lbs. (troy) of cyanide of potassium»8 oz. carbonate of soda, and 5 oz. cyanide of 
silver in one gallon of rain or distilled water. This'Wntion should he need with 
a compound battery, of three to ten pairs, according t<Ahe size of the work to be 
plated. Stemi or Finishing Solution. — Dissolve 4 J oz. (troy) of cyanide of potas- 
sium, and IJ '^z. of cyanide of silver, in 1 gallon of rain or distilled wpter. This 
solution should be used with one large cell of Smee’s battery, observing that the silver 

plate is placed as near the surface of the articles to he plated as possible. N.B. By- 

using the first, or whitening solution, you may insure the adhesion of s%pr to all 
kinds of brass, bronze, red cock metal, type metal, &c., without the nse of mercury, 
which is so injurious to the human system. To prepare a Solution of Gold.*.^ 
Dissolve 4 oz. (troy) of cyanide of potassium, and 1 oz. of cyanid^f gold, in 1 
gallon of rain or distilled water. This solution is to be used warm (about 90° Fahr.) 
with a battery of at least two cells. Gold can be deposited of varions shades to suit 
the artist, by adding to the solution of gold a small quantity of the cyanides of silver, 
copper, or zinc, and a few drops of the hydro sulphuret of ammonia.” 
ELECTRO-PLATING BATH. See Cvanides. 

ELECTRO-SORTING APPARATUS. — M. Froment has devised an apparatns 
for the separation of iron from matters by which it may he accompaniei The ap- 
paratus consists of a wheel carrying on its circuthference eighteen electro-magnets. 
The iron ore reduced and pulverised is spread continually upon one of the extremities 
of a cloth drawn along with it, and passed under the electro-mag^ts in motion, liie 
iron in the ore which has of course been brought into a magnetid^tate by any of the 
processes by which this may he effected, is separated by the %iagnets, and tie 
impurities carried onward. See Ce la Sine's Electricity. 

ELECTRO-TELEGRAPHF. The simjjltaneous appearance of the eleclyic spark 
at the respective ends of a long conductifig'wire forcibly arrested the attention of 
electricians in the early days of the science. ^ 

A series of remarkable experiments were made by Dr. Watson, commencing on 
July 14th, 1747; when he passed an electric discharge from the Thames bank at 
Westminster to the opposite bank at Lambeth, by means of a wire suspended to 
Westminster Bridge. He continued his researches; and, on August the 5th of the 
following year, he arranged 12,276 feet of wire at Shooter’s Hill, the beginning, the 
middle, and the end of which were led into the same apartment. He found out that 
the electric signs at the middle of the wire coincided in time with the discharge at the 
two ends, proving that the passage, at least in such a length of wire, was instantaneous. 

In rJference to these results Professor Bluschenbrock wrote to Dr. Watson; “Mag- 
nificentissimis tuis experlmentis, superasti conatns omnium.” 

The idea of applying this property to the transmission a&r of telegraph signals 
proper was an early and natural re.sult of these discoveries. But many onward steps 
were necessary before the idea could assume any definite form ; and further auvances 
in knowledge were essential before the idea could be realised. 

It would far exceed our limits were w^ to attempt the most hurried sketch of the 
history of this art ; we shall therefore content ourselves with illustrating the leading 
doctrines, that have been realised in the telcgiaph systSms which are most in favour 
at the time in which vre write. ' 

Imcked up, as it were, in all bodies, is a large store of electric ferce, the equilibrium 
of which is disturbed in a greater or less degree by a variety of causes, some extremely 
simple, others more complex ; and, according as one or other cause is in operation, 
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the conditions under wjiich the electric force is manifested yary ; some conditions 
being very unfavourable, and others very favourable to the object in view. 

Friction is a well known means of producing electric effects. Amber (in Greek 
electron) was the first substance on which they were noticed in a special manner, and 
hence the name. Light bodies, such as gold leaf, or feathers, are attracted by rubbed 
amber ; the leaf gold is quickly repelled again, the feathers not so readily. In due 
course it was discovered that this difference of behaviour is due to the g(J|Jiconducting 
electricity, and the feathers not so; the one allowing the force to diffuse itself about it, 
the other receiving and retaining it only in or near the points of contact ; if the former 
property were universal it would be impossible to collect electricity ; if the latter, it 
would he impossible to get rid of it. Conduction is well illustrated and turned to 
useful account in the iron and copper wires, by which distant telegraph stations are 
connected with each other ; insu/crtion, by the glass or porcelain articles with which 
the said conducting wires are suspended to the poles above ground, and by the gutta 
percha with which the subterranean or submarine wires are covered. 

The rapidity with which electric force traverses conductors depends upon the cir* 
cumstances under which the conductors are placed; in one case, as in that of wire 
suspended in the air, the electric force has little else to do than to travel onward and be 
discharged from the far end of the wire ; in the other case, as in that of buried wire, 
it has to disturb the electric equilibrium of the gutta percha as it travels onward, and 
thus suffers considerable retardaffon. The greatest recorded velocity of a signal 
through a suspended copper telegraph wire is 1,752,800 miles per second, by M. 
Hipp; the lowest velocity through a buried copper wire, 750 miles per second 
by Faraday. Intermediate velocities are recorded, for which the nature of the wire 
or the conditions under which it was placed were different. Wheatstone found the 
velocity of electricity under different conditions from the above to be 288,000 miles per 
second. His wire was copper, and was wound on a frame. The electricity that was 
employ^ by Mr. Wheatstone in these experiments was obtained from the friction of 
glass against an amalgam of tin. The various velocities are due partly to the con- 
ditions under^which the conducting wire is placed, and partly, no doubt, to the 
varied properties of electricity from various sources. And the very different methods 
of reading off the velocities in this and in other cases may have an influence over the 
respective values. 

Electricity is obtained from other sources than friction with so much greater faci- 
lity, and in forms so much more applicable and manageable for telegraphic purposes, 
that frictional electricity has not been applied in real practice. It must not, however, 
he passed over in this place, because one of the earliest telegraphs, perhaps the very 
first in which a long length of wire' was actually used, was actuated by this form of 
electricity. In 1816 IMr. Ronalds established, in the grounds attached to his residence 
at Hammersmith, eight miles of wire suspended by silk to dry wood, besides 175 
yards of buried wire iu glass tubes embedded in pitch and enclosed in troughs of 
w»od. He obtained his electricity from a common electrical machine, and his signals 
from the motion of light bodies, balls of elder pith, produced under circumstances 
analogous to those to which we have already referred. At the far end of his tele- 
graph wire two pith balls were suspended ^lose together. Electricity applied at the 
home end of the wire at once diffused itself throughout the conducting system, 
including the pair of light balls. Just as we have seen gold leaf recede after having 
approached rubbed amber, and acquired an electric charge ; so the pith halls, each 
being charged with electricity, derived from the same source, recede from each other ; 
and this in obedience to the fundamental laws of static electricity, for which we 
must refer readers to treatises on the subject Here, then, we have one solitary 
signal. The manner in which Mr. Ronalds turned it into language was ingenious. 
He pressed time into his service, and by combining time and motion he obtamed a 
language. He provided a clock movement at each station ; the clocks were so regu- 
lated as to be synchronous in their movements ; each of them carried, in lieu of a 
hand, a light disc, having the letters of the alphabet and other signals engraved on it. 
The disc was hidden by a screen, in which was one opening. It is obvious that if 
the clocks were started together, and had uniform rates, the same letter at the same 
time ^uld be visible through the opening in each screen ; and letter by lener would 
pass seriatim and simultaneously before the respective openings. If absolute unifor- 
mity is difficult for long periods, it is practicable for shorter. The sender of a mes- 
sage watched the openmg of his screen ; the moment the letter approached that he 
desired to telegraph he charged the wire with electricity, and the balls at the far 
station moved ; the letter then visible there corresponded with the one at the home 
station, and was rea^off The sender watched till the next letter he required came 
round, and so on. 

Let ns now pass on to some of the leading Matures of electro-telegraphy, as it has 
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been realised of late years, and to a description of some of tlie,telegrapli instmments 
tfaf are most in use. 

Chemical action is the most fertile source of electricity. If a silrer fork and a 
steel knife are connected together by a piece of wire, and the fork is thrust into a 
piece of meat, say a hot mutton chop, the moment an incision is made in the meat 
with the knife, electricity will pass along the wire, and continue to do so while the 
above disposition of things remains. 0pon the proper test being applied, the elec- 
tricity is readily detected. This is the current form of electricity. The amount of 
force in circulation in this particular combination Is not very great, and its power of 
travelling to a distance is not very high, bnt still it is quite capable of producing good, 
signals, on a delicate arrangement of the needle instrument (of which more hereafter) 
with which in England we are so familiar. 

The amount of electricity obtained by means of chemical action, is increased to 
the required extent by a judicious selection of metals, and of the liquid or liquids in 
which they are immersed. Zinc is invariably used as one of the metals j it is repre- 
sented by the iron of the knife in the above experiment Copper, silver, and jdatinum 
or graphite (gas carbon) is selected for the other metal. When the two metals arc 
immersed in a same liquid, a mixture of sulphuric acid with salt-water, or fresh, is 
employed. When two liquids are used, they are separated by a porous partition ■, 
the zinc is usually placed in the sulphuric acid solution, and the other metal in a 
solution varying with the nature of the arrangements proposed. Zinc is naturally 
soluble iu the acid solution in question ; and would therefore waste away and be 
consumed at the expense also of the acid, unless precautions were taken to make it 
resist the ordinary action of the solvent. When zinc is dissolved in mercnry it is not 
attacked, under ordinary circumstances, by sulphuric acid solution. Hence the plates 
of zinc employed in all good voltaic combinations, as they are called, into which 
this acid, in a free state, enters, are protected by being well amalgamatq|Jl,^h*at is, 
they are dipped in a strong acid mixture and well washed! and are then dipped into 
a mercury bath, and are placed aside to drain. The operation is generally repeated 
a second time ; and, iu the best arrangements, the further precaution is taken of 
standing the zinc plate, while in the acid water, in some loose mercury, placed either 
in the bottom of the containing vessel, or in a gutta pereba cell : by the latter arrange- 
ment, mercury is economised. In single liquid arrangemente, it is desirable to select 
a metal that is not attacked by the acid. Copper has been extensively used, and is 
very valuable ; but it possesses the defect of being slowly attackable. The waste, 
however, that it suffers in itself from this cause, is of small moment compared with 
certain secondary results, which terminate in the consumption of the acid and the 
zinc, and the destruction of the functions of the apparatus. Gold or platinum are 
free from these defects, but are’too costly. Silver, is to a great extent free from 
them' and has been much and successfully used, especially when platinised, that is, 
having its surface covered with finely divided powder of platinum. The corrosion 
from gas retorts, cut into plates, and simUarly treated, forms with amalgamated ziitc 

one ofthe cheapest and most effective combinations. . 

A sin<fle pair of plates, no matter what their character, is unable to produce a force 
that can°overcome the resistance of a wire of any length, and produce an available 
result at a distant station: and hence a scries of pairs are employed in the telegraphic 
arrangements, e (/p. 7041 represents a common mode of arran ging a series of pairs of 
plates It consists of a wooden trough made water-tight, and divided into water-tight 
cells The metals are connected in pairsby copper bands; each pair is placed astride over 
a partition, and all the zincs face one way. When the plates (copper-zinc) are placed 
inland the cells are filled up with pure white sand, and the acid water pour^ in, we 
have the very portable battery that was originally used by Mr. Co<*e, and is stiff 
much employed in England. When batteries of a higher class are mnployed, the 
cells are distinct pots or jars ; and great precautions are taken to prev^ any conduct- 
ing communication existing between the neighbouring cells, save by means of the 
copper band. In the trough form there is a leakage and loss of force from eell to 
cell The c or copper is the positive end of such a senes, and the z or zinc, the 
negative; and both are in a condition to discharge, either each to the other, hj^raeans 
of a wire' led from one to the other, or each to the earth, me by a wire IpUing to 
the earth at the place where the battery st^ds, and the other by a long ® 

telegraph wire), leading to the earth aPa distant place. The resistance to be over- 
come is! in the former case, less ; and the current of force in circulation is propor- 
tionately greater. Under whatever circumstances a v«re takes part in promoting the 
discharge of an apparatus of this kind, the whole ofthe said wire is in a condition to mdi- 
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An alphabet is constructed from the combination of these two elementary motions, 
i le or more of either or both kinds of deflection being used for the various letters, 
as shown on the engraved diah This -05 


is Cooke and Wheatstone’s single 
needle instrument, 705. 

The form and character of their 
double needle instrument is shown in 
fig. 706. It is precisely a duplicate of 
the former; two handles, and their 
respective springs, studs, and cylin- 
ders, two multipliers, and two mag- 
netised needles, with their external 
indexes, and two telegraph wires. One 
battery, however, is sufficient One 
or more of either or both kinds of de- 
flection of either or both needles, 
according to the code engraved on 
the dial, constitutes the alphabet. This 
instrument is very extensively em- 
ployed ; messages are sent by it with 
extreme rapidity. 

Another property possessed by a 
wire conveying a current is that of 
converting soft iron, for the time, into 
a magnet. The attractive power, 
which can thus be given to, and with- 
drawn from, the soft iron at pleasure 
is turned to useful account, either in < 
producing direct mechanical action, * 
or in liberating the detents of a clock 
movement. Here also the effect of the 
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solitary wire is inappreciable, and many convolutions around the iron are necessary 
in order to obtain a useful result. A 

The simplest application of this principle is shown mjig 707. Here are two brass 

reels, filled with cotton- 
covered copper wire in one 
length. They are hollow, 
and a U-shap^ bar of iron 
passes through them, pre- 
senting its ends at the face 
turned toward us the 
drawing. This bar be- 
comes magnetic, — forms 
what is called an electro- 
magnet every time and as 
long as an electrical cur- 
rent circulates in the wire; 
and its ends become re- 
spectively north and south 
poles. A narrow plate of 
iron, an armature^ as it is 
termed, is mounted on 
pivots in front of the ends 
or poles of the magnet ; 
it carries a vertical stem 
upon which the hammer is 

. , . . fixed. Every time the 

iron bar.is magnetic the armature is attracted, and the hammer strikes the bell. The 
spring or contact-maker for introducing the current of electricity into the circuit, is 
shown in front on the right hand side. This is Mr. Walker’s bell for signalling 
rmlway trams from station to station. The language consists of one or more blows. 
Une, two, a^ three blows are the signals for common purposes, half a dozen blows is 
the limit. The acknowledgment of a signal is its repetition. By a simple arrange- 
ment of an index, that moves in fellowship with the hammer, the eye, as well as the 
ear, may read the bell signals. 

Fig* 708 shows another application of the direct action of an electro-magnet in pro- 




dncmg telegraph signals. It is Morse’s printing telegraph, Tery generally used in 
America, and used to no small extent in Europe. The coils of wire are shown at 
M, the ^atnre at H, fixed at one end of the lever p, which is itself carried on centres 
at c. lihe range of motion here is small in order to produce rapid utteranee ■ it is 
regulated hy the screws d and i. The reaction of the spiral spring /restores the lever 
to Its norm^ potion each time the magnetism ceases. The signals consist of dots or 
dashes, variously combined, made hy the pointed screw t upon the slip of naner » 
running from the drum at the- right in the direction of the arrows ; a few*^ such 
signals are sho^ upon the end of the paper slip. We have described the teleffraph 
proper^, which is see^o be extremely simple. The only parts at all complex are,L 
■with the needle iMtmClents already described, the mechanical parts, namely the train of 
wheels for carrying on the paper band, and the key or contact-maker, not shown in 
the figure. The amount of pressure required fiCm the point t in order to produce a 
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mark, is such that it cannot conveniently he produced by the magnetic attraction, 
d trived from a current of electricity that has come from a far distant station in order 
to circulate in the coils of wire si. This difficulty does not prevail in the signaUhells 
Jig, 707, which are, at most, not required to be more than eight or ten miles apart, and 
in which also momentum can be and is accumulated so as to conspire in producing 
the final result. Morse has, therefore, had recourse to a relays as he calls it. This, 
in principle, is pretty much the same thing as the instrument itself; hut it has no 
heavy work to do, no marks to make ; it has merely to act the part of a contact- 
maker or key ; it can hence be made very delicate, so as to act well by such currents 
as wipuld not produce any motion in Ae instrument itself. The batteries which 
furnish the electricity for doing the actual printing work in Morse’s telegraph, are in 
the same station with the instrument itself. The office of the relay is to receive the 
signals from afar, and to make the necessary connections with the local battery and 
instrument so as to print off the signals on the paper in the usual way. It is obvious 
that the motious of the instrument and the relay are sympathetic, and that what a 
trained eye can read off from the one a trmned ear can read off from the other. The 
relays are constructed with much finer wire than is required for the instrument 
itself, so that the current circulating in them, although very low in force, is multiplied 
by a very high number, and becomes equal to the delicate duty required of it 

Fig. 709 is another illustration of the direct application of the electro-magnet without 
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adventitious aid. It represents a detent of McCallum’s Glohotype for recording 
signals. The long tube contains small glass balls, which are retained therein by a 
detent attached to the armature of an electro-magnet Every time the armature is 
attracted one ball is liberated and runs down into a grooved dial, where it remains for 
inspection. One or more tubes and detents are nsei according to the nature of the 
signal required, As applied to the signal bell (Jig, 707) three tubes are used; one 
charged with black balls, for indicating the number of bellstrokes made; one with white 
balls, for indicating the bell signals seat; one with spotted ballis for maidtiuguff tCfe 
time in quarters of hours or intervals of lew length. 

The balls, when liberated, all ran into the same ditil 
and arrange themselves seriatim. 

We may here refer to the case of another bell or 
alarum, in which the magnetic attraction derived from 
the current that arrives, is not equal to the mecha- 
nical work of striking a blow and sounding a bell; 
but which is able to raise a detent, that had restrained 
a train of wheels ; and so allow the mechanism of the 
latter to do the work required. This arrangement 
is shown in Cooke and Wheatstone’s alarum,^. 710 ; 
t is t.he bell ; ra jn, is the double headed hammer, which 
is in fact the pendulum, attached to the palleted which 
work in a scape-wheel hidden in the figure, and m 
gear in the usual way with a coiled spring in the 
box by by the train rj, r,. The electro-mag- ^ 
netic part here, as in other instruments, is simple 
enough ; a o is a lever moving on a centre above 1, \ 
having at one end an armature u, facing the poles 
of the electro-magnet e; and at the other end c,a^ 
hook which faces the wheel r, and by catching in a 
notch on its circnmferenc.e, keeps the train at rest 
Bat when a current circulates through the coils e, 

the armature is attracted, the hook is raised, the ^ 

train is liberated, and the pendolunv-hsmaxer vibrates and stnkes a suewssKm of 

blows. E is a support carrying a small spring, which reacts on the lever, and restores 
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it to its normal position when the magnetism ceases. This alarum is used for calling the 
attention of telegraph clerks. It requires a little attention to keep up the propfer 
adjustment between the spring on the one hand, and the magnetic attraction on the 
other. 

The telegraph originally adopted and still largely used by the French Adminis- 
tration, is somewhat akin to the alarum just described. It has a train of wheels, a 
scape-wheel with four teeth, and a pair of pallets. There is, however, no pendu- 
lum ; hut the pallets are connected with the armature of an electro-magnet, in such a 
manner that, for each attraction or repulsion of the armature, the scape-wheel is 
liberated half a tooth ; for an attraction and a repulsion a whole tooth ; so that four 
successive currents, producing of course four consecutive attractions and repulsions, 
produce a whole revolution of the scape-whceL The axis of the latter projects 
through the dial of the instrument (Jig, 711) and carries an arm a or 6 (Jig. 7 J 2), which. 
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following the motion of the wheel, is able to assume eight distinct positions. The 
apparatus is generally double, as shown in the figure ; and the signals are made up of 
the various combinations of the eight positions of each of the two arms. The arm is 
half black, the other half white. The position of the black portion is read off ; the 
white portion is merely a counterpoise. When only one hif of the dial, or one 
isdex is in use. the combinations are shown by producing with the one index suc- 
cessively the positions of the two, whose combination makes the signal, always ^ving 
first the position of the left hand index, then that of the right. The handles shown 
in front are the contact-makers ; and are so constructed that the position of the arm 
on the dial coincides with the position given to the handle. Fig. 712 is a front view 

of the two arms ; part of the dial is 
supposed to be removed, so as to ex- 
pose the four-toothed-wheel already 
mentioned, and the pallets x and z ; 
which, in their movement to and fro, 
allow of the semi-tooth advances of 
the wheel. 

In these various applications of»the 
electro-magnet, the armature has been 
of soft iron, and the only action of 
the electro-magnet has been to attract 
it It^s been withdrawn from the magnet after the electricity has ceased to circulate, 
either oy its oym gravity, by a counterpoise, or by a reacting spring. We now^come to a 
telegraph that is well known and much used, Henley’s magneto-electric telegraph, in 
which there is no r^cting spring ; and in which the movement or signal is produced 
by the joint action of attra<^ion and repulsion; and the return to its normal state by 
the same joint action. Each foie of Henley's electro-magnet has a double instead 
of the single termination, that we have been considering in all preceding cases. A 
piece of soft iron, lih^ a crescent, is screwed upon each of the poles ; the horns or 
cusps of the respective crescents are facing and near to each other ; and a magnetised 
steel needle is balanced between them. This arrangement is somewhat like the 
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following ( I ). So long as no current is circulating in the coUs of the electro- 
magnet, the crescents are impassive soft iron, and no one point of either of them 

fhat’^rh P”*"* *“ *e magnetised need” 

that IS between them. But while a current is circulating, one of the crescents « 

endowed with north magnetic polarity, which is especially developed at its horns 
nr r polanty. Suppose the horns of the rigL hand crescent 

north and the top end^of the needle is 

to the needle to the left. Its top will be 

attested by the left hand crescent and repelled by the right; its bottom will be 

'•y ‘’‘® When thf cirrmi “s m ci^ 

culate, the simple attraction between the magnetised needle and the soft iron of the 
crescent tends to retain it in a deflected position. This tendency by 

a little residuifl magnetism, that is apt to remain in the best iron, notwithstanding 

noshU*'" n 'if P’-®Pf to restore the needle to 

position, a Short quick current in the reverse direction is ffiven. These instmmPDis 
are single or double Only one kind of deflection of the needle raval“r 
actual signals ; the other motion being merely the return to the normal state. The 
single needle alphabet is composed of deflections of a short or a long duration • these 
are produced by holding on the current for an instant or for more than an instant- 
and the various combinations of short and long correspond to Morse’s dot and dash 
system, /he double needle alphabet consists of combinations of the deflection of 
either or both needles. 

J^iy, 7 13 shows Henley's instrument, and, in completing the description of it, we have 
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to describe another source of electric current to which no allusion has been hitherto 
made. The electricity here employed is obtained neither by friction nor by chemical 
action, but by means of magnetism and motion. If a piece of metal is moved in the 
presence of a magnet, or a magnet is moved in presence of a piece of metal, a current 
of electricity is generated in the metal. The results are multiplied when the metaUis 
a coil of covered wire ; so that we have here the converse of the electro^magnet ; in 
the one case electricity had produced magnetism, in the other magnetism produces 
electricity ; hence the name magneto-electric telegraph. We have here a powerful 
set of steel magnets A a, all the north ends pointing in one direction, and bound 
tOL'ether with a plate of iron, and all the south ends similarly arranged in the other 
direction. Facing each end, but not quite in front when at rest, is an electro- 
magnet proper, b b, consisting of the H-shaped iron rod and the coil of covered wire, 
as described in Jig. 707. Each electro-magnet is mounted upon an axis, c is a short 
lever or key ; on depressing this the electro-magnet moves from its normal position 
in a region of lesser magnetic force, into a new position in the region of greatest 
magnetic force, and thus is the double condition, enunciated above, complied with ; 
the copper wire is moved in the presence of a magnet, and this under the most 
favourable conditions ; and the U iron, rising from a feeble to a strong magnet, its 
lines of magnetic force move in presence of the copper wire. Just as a current, 
from a long distance, had to be received ID Morsels arrangement (Jig. 708) in an 
electro-magnet of a long coil of fine wire, so as to be much multiplied in order to 
do its w-*srk, so here a magneto-electric current, that has to be sen/ to a long-^Jstance, 
must be generated in a long coil of very fine wire in order to have electro-motive 
force suiBcient to overcome the resistance opposed to it In like manner the electro- 
magnets of the instrument d, in which it is received at the far-off station, have the 
Same multiplying characteristics. The magneto-el^tric current exists only during 
the motion of the electro-magnet in front of the steel magnets, and this motion must 
be rather brisk, or the change of place is slow and the current jjeeble ; but the current 
Ceases with the motion. The ne^le, however, remains deflected from causes to which 
we have already referred, and if ^he hand is raised gently, so that the coils return 
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slowly to their normal position, the needle will remain deflected ; but, if the hand is 
so removed that the coils return quickly from the region of greatest to one of lesser 
magnetic force, a reverse current of lesser force than the original is generated, which 
releases the needle from its deflected position and restores it to its normal place, ready 
for making the next signal. In a recent form of this instrument Mr. Henley has 
obviated the necessity of moving the electro-magnets, still retaining the same funda- 
mental principles. He uses a set of large U-shaped permanent magnets, and places 
the electro-magnet in the space between the branches of the permanent magnet, and 
so that the four poles of the two magnets, the permanent and the electro, shall be 
flush with each other or in the same plane. A couple of iron armatures are mounted 
on a disc in front of the magnets. The disc has a motion on a centre ; the armatures 
are curved or crescent-shaped. Their form is so adjusted to the relative positions of 
the poles of the respective magnets that, in their normal or ordinary position, one 
crescent connects the N. pole of the magnet with one, say the w/>/)cr,pole of the 
electro-magnet, and the other crescent connects the S. pole of the permanent magnet 
with the lower pole of the electro-magnet On pressing a key the disc moves, and the 
armatures so change in position that the N. pole of the magnet is connected with the 
lower, and the S. pole with the upper poles of the electro-magnet By this arrange- 
ment the polarity of the electro-magnet is revelled at pleasure, and in its transition 
from being a magnet with poles in one direction, to becoming a magnet with poles in 
the reverse direction, an electric current is generated in the wire with which it is 
wound, and the direction of the current is this way or that according as the transition 
is from this direction of polarity to that. This form of magneto-electric machine 
allows of larger electro-magnetic coils being used, and gives the manipulator com- 
paratively very little weight to move in signalling. 

We have shown how an electric current generates magnetism, and how magnetism 
generates another electric current ; it would follow logically that one electric current 
should therefore generate another electric current ; for the magnetism produced by a cur- 
rent circulating in one wire, must have all the properties of magnetism, and among them, 
that of producing another current in another wire; and so it is. A few convolutions of 
a large sized wire are coiled round an iron rod ; and outside the larger wire is a very 
great length of finer wire. The current from the battery is called the primary current 
in this arrangement ; and the moment it begins to circulate in the large wire, it 
magnetises the iron and generates a current, called secondary, in the fine wire, which 
is able to penetrate to a very great distance. When the primary current ceases, 
magnetisation ceases, the lines of magnetic force disappear, and a reverse secondary 
current is produced. This was the method proposed for obtaining the secondary cur- 
rent for traversing the Atlantic Ocean from Ireland to Newfoundland. The large 
wire is not necessarily first coiled on ; in the coils for the Transatlantic telegraph it 
was coiled outside. Nor is the presence of iron essential to obtaining secondary 
currents. 

,It will have been noticed in all the arrangements which have hitherto been 
described, that the signals are produced by motions, — that the electric current on 
reaching the far station is multiplied by being directed through many convolutions of 
wire, and is made to act upon either a piece of soft iron or a piece of magnetised steel, 
and to mov^ them, the motion being turned to account directly, or by the intervention 
of mechanHm, We have yet another property of electricity, that has been very 
successfully applied to the production of telegraphic signals by Mr. Bain, in his 
electro-chemical telegraph. If a current of electricity is led into a compound fluid 
body, say into water by one wire ao4 out of it by another wire, the body is decom- 
posed into its constituent elements, one of which, the oxygen in the case in question, 
makes its appearance at one wire and-thetither — the hydrogen makes its appearance 
714 at the other wire. The same holds good 

with bodies of a more complex character, in 
solution in water. The compound selected 
by Mr. Bain is cyanide of potassium. With 
a solution of this, he saturates a long ribbon 
of paper, similar to that employed in Morse’s 
telegraph. He causes the papew b {Jig, 
714) to pass over a drum of brass r, between 
the metal of r and an iron point or stylos 
p. The electric current enters the appa- 
ratus by the point p, passes through the so- 
lution of cyanide of potassium, with which 
the paper b is saturated, and out by the 
spring p’, which is in metallic contact with the drum r. Decomposition takes place 
and the well known cyanide of iron (Prussian blue) is formed at the point of contact 
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of the iron stylus p with the paper, the iron of the compound being supplied by the 
stylus itself. 'I’he paper is earned on by ordinary mechanism ; and a dot and dash 
.alphabet is formed, according to the duration of contacts at the sending station. There 
is a single wire and a double wire code ; and the signals appear as deep bine marks 
upon the paper. Supplies of paper saturated with the solution are kept in reserve. 
This is unquestionably a telegraph of extreme simplicity. It has been employed with 
much success. 

Mr. Whitehouse prepared for the Atlautic Telegraph a system in -which motion 
and chemical action each play their part. The secondary currents that he employed 
wer^not able to produce ^e chemical decomposition that he requires for his signals. 
He toerefore received them in a very sensitive relay, either an electro-magnet or a 
multiplier. The relay was a contact-maker, and connected the necessary number of 
lu'*al batteries with the printing apparatus, which consists of a ribbon of paper, satn- 
ra?ed with a chemical solution and passing between a drum and a steel point. 

We should exceed odr limits, were we to attempt the description of some of the many 
other forms that have been proposed. The above are good illustrations of the leading 
principles, and are all in successful use. Some telegraphs will print in ordinary cha- 
racters ; this result is only attained by much complexity ; and its value is more than 
questionable, it being as easy to learn a new code as anew alphabet ; and telegraph clerks 
read their signals as readily as they read ordinary writing or printing, and they acquire 
their knowledge in a very short time. Hence probably it is that telegraphs to print 
in ordinary characters are but little known in real practice ; nevertheless, some very 
promising instruments of the class have been produced^ by House, and especially one 
more recently by Hughes, both of the United States. The following table has been 
drawn out as an illustration of the codes of some of the chief instruments that have 
been the subject of this article. It shows the number and nature of the signals (de- 
flections, dots, dashes) for producing the name of the great discoverer of electro- 
magnetism, which is the foundation of eicctro-telegrapb. The figures on the right are 
the number of marks or signs in printing and in each kind of telegraph. 


1 

0 

E 

R 

S 

■ 


D 

7 

1. Single" 

2. Double, 

3. Single 

4. Double 

5. Morse 

6. Single ' 

7. DoubleJ 

Cooke C 
and 1 
' Wheat- 
stone. [. 

► Henley 

• Bain 

HI 

■ II 

• • • • 

Mil 

• • 

w 

/ 

• 

II 

0 

\l 

1 

w / 

• — • 

V/ 
II II 

\\\l 

0 0 0 

— - • • 

Mil 
/// /// 

\ll 

\M 

1 

• 

// 

• 

• 

v 

\/ 

’ / 

— • • 

• • — 

20 

18 

16 

19- 

15 

17 

|I6 


The Eheo-electro-static system of telegraphy was first described by K Bott<^ 1848. 
It is applicable to some but not to all forms of telegraph. It has been applied on l||e Sooth 
Eastern Railway to the signal-beUs (Jig. 704), for the purpose ofl^ucffl^e amount 
of b'ittery power required under other circumstances to be maintained. The wire, by 
which a pair of bells are connected, is in its normal state in permanent connection 
with the similar pole, say the positive, of batteries of equal power at the respective 
stations, so that two currents of equal power are opposed to and balanced agai^ each 
other. Under these circumstances, the wire is in a null, or rheo-electro-static^tate ; 
neither current circulates. If the connection of one of the batteries is reverwd, so 
that Its negative pole is presented to the wire, then the currents of both batteries are 
in the same direction, and they circulate as one current, equal in valw to the combined 
force of the two batteries. The application is obvwus ; that, whereas, under the 
ordinary system, a whole battery, of force sufficient to traverse the distance and do 
effective work, must be at each station, under this system onIj,Sa// such battery is 
necessary at each station, for producing the same effective work. Also, il a little 
more battery power is placed at each station than is necessaryfor the actual work 
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required, signals of higher power are obtained under common circumstances ; and 
also the equilibrium of the two opposed currents may be disturbed at any place 
between the two stations, and signals may be made by merely making a connection 
between the line-wire and the earth ; because the negative pole at each station is fitted 
up in permanent connection with the earth j and, as the positive poles are in like 
connection with the line-wire, each battery current is made to circulate through its 
own signal-bell every time the earth and line-wire are placed in connection. By this 
means the guard of a train can make signals of distress to the nearest station without 
the aid of portable apparatus. Considerable care is required to obtain good communi- 
cation with the earth on the open railway for making distress signals, or otherwise the 
discharge is imperfect, and no signal is made. Fish-jointed rails are very valuable for 
this purpose ; in their absence, especially at embankments, metal must be buried for 
the purpose at intervals in the moist earth, and a wire attached for use. Contact 
springs on the telegraph poles are proposed. 

Telegraph wires are suspended to poles by in- 
sulators of earthenware, glass, or porcelain ; the 
material and shape varying according to the ex- 
perience of the engineer and the length of line 
to be insulated. In very short lengths, the battery 
power required for overcoming the resistance is 
not great ; it will therefore not overcome the resist- 
ance of an insulator of moderate quality, and escape 
to the pole and thence to the earth ; but the battery 
power required to overcome the resistance of very 
long lengths of wire is equally able to overcome 
the resistances presented by inferior insulators, and 
to escape in considerable quantities at every pole; 

so that the force which reaches the far 
station would not be equal to its work. 
It is for these long lines that the 
greatest ingenuity has been expended 
in coDstructing insulators. Fine porce- 
lain is most in favour from its present- 
ing a very smooth surface, and being 
less hygroinetric than glass ; and it is 
distorted into most mysterious looking 
shapes in order to present as great a 
distance, and one as much sheltered as 
possible, between the part, with which 
the line- wire is in contact, and the 
part that is in contact with the pole. 

For subterranean and submarine 
wires si ill greater care is necessary, 
because they are in the very bosom of 
the earth or sea, to which the current 
will escape, when and where it can, 
in order to complete the discharge. 
Fig. 715 represents the cable that has 
been lying in the British Channel be- 
tween Dover and Calais, since Sep- 
tember, 1851, It contains four No. 
16 copper wires, each wire is doubly 
covered with gutta-percha. The four 
wires are then twisted into a rope ; 
and the rope is thickly covered, ^first 
with hempen yarn, tarred, and finally 
with a jacket often No. 1 iron wires. 
The cable is shown in perspective and 
in section. Fig. 716 show^ the per- 
spective and section of the Irish, a 
single wire cable. It consists of a 
single central conductor, of one No. 
16 copper wire, doubly covered with 
gutta percha, then with hempen yarn 
as before ; and finally with a protecting 
jacket of ten No. 8 iron wires. The 
the Irish, 2 tons per mile. The Atlantic 
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telegraph cable, of which nearly 3000 miles were prepared, is in section, just the size 
of a silver threepenny piece. It is a single wire cable, the wire was a strand of seven 
No. 22 copper wires, trebly covered with gutta percha, then with yarn, and protected 
with eighteen strands of seven wires each, of No. 22 iron wire. It weighs 19 cwt. 
to the mile. This cable is lost The iron jacket is in disrepute now for deep sea 
cables. Hemp is preferred. 

Telegraph signals pass with far less rapidity through buried and through subma- 
rine wires, than along the ancient aerial wires. The slow travellings mentioned 
above, were through wires of this kind. We mnst refer to treatises on Electricity 
for fk-U details of the conditions presented by a telegraph cable. In practice it is 
found that on first sending a signal into a submerged wire, the electricity is de- 
layed on its road, in order to produce a certain electrical condition upon the surface 
of the gntta percha that is in immediate contact with the conducting wire. Nor is 
this all ; before a second distinctive signal can be sent, it is necessary that the con- 
dition produced by the first signal shall be destroyed; and this is an operation, 
requiring even more time than was consumed in the mere act of producing it. These 
two classes of retardation, especially the latter, were largely manifested in the Atlantic 
cable ; and have called forth all the ingenuity of electricians, in order to mitigate or 
to modify them. — C. V. W. 

ELECTRUM, or ELECTRON. The ancient Electrum was an alloy of gold with j 
part silver. The Electrum of Kalproth is gold 64 silver 36. The ancient name of amber. 
The modem Electrum is an alloy of copper, zinc, and tin, with sometimes nickel. 

ELEMENTS. See Equivalents, Chemical. 

ELEMI. This appears to be the resinous product of various terebinthinons 
trees. The Edinburgh College, states it to be a “ concrete resinous exudation from 
one or more unascertained plants.” And the London Pharmacopmia describes it, as a 
concrete turpentine derived from an unknown plant. In the former edition Amyris 
Elemi/era was named as the plant producing this resin. This error was due to Lin- 
nteus, who confounded under one name two distinct plants. The larpr quantities of 
Elemi come to us from the Dutch settlements through Holland. It is imported in “ the 
lump" and in masses weighing from one to two pounds each enveloped in a palm lea£ 

llonastre gives the constituents of Elemi : 

Volatile oil 12’5 

Resin soluble in hot and cold alcohol - - - - 60'0 

Resin soluble in hot but not in cold alcohol - - - 24 0 

Bitter extractive - - - - * ■ - 20 

Impurities - - - - " * " -1'5 

The resin soluble in cold alcohol consists according to Johnston of C»H“(P, while 
the latter (Elimine) is composed of C"H*KJ. 

Elemi is employed in making lacquer. See Vabnish. ’ . , , , j 

ELEUTHIATE. (Soutirer, Tr., Schlemmen, Geim.') When any jnsoluMe powder- 
such as chalk is diffused through a large body of water, and then allowed to subside 
slowly, of course the larger particles wiU by their g-avity be toe first to subside. If 
then the supernatant liquor is poured off, or better, if drawn off by a siphon, the finer 
powder will be collected in the next vessel ; and by repeating this process an impalpable 
powder may be obtained. This process is called Elutnatim. 

ELEPHANTS’ TUSKS. See Ivobt. 

ELIASITE. An ore of Uranium, a mineral allied to pitch blende, but differing from 
it widely in its large proportion of water and lower specific gravity (4-086 to 4-237). 

It occurs with fluor, dolomite, quartz, &c., at the Hias mine, Joachi^tal, in large 
flattened pieces, sometimes half an inch thick, of a duU reddish-brown colour, 
approaching to hyacinth -red on the edges. . w a„ii 

It is subtranslucent, with a greasy sub vitreous lustre, 
varyieg from wax-yeUow to orange. Hardness between calcite and fluM spaS 
It is composed of Peroxide of Uranium 

„ Alumina - - ■ 

„ Peroxide of iron - 

„ Protoxide of iron - 

„ Lime - - " " 

„ Magnesia - - ' 

„ Oxide of lead 

„ Silica - 

„ Carbonic acid 

„ Phosphoric acid - 

_ Water - - * 


61-33 

- 1-17 

- 6-63 

- 1-09 

- 3-09 

- 2-20 

- 4-62 

- 5-13 

- 2-52 
Of** 

- 10-68 
99-30 
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Before the blowpipe it affords a reaction like pitchblende, Decomposed by 
muriatic acid. — H. W. B, 

ELIXIR OF VITRIOL, a preparation of sulphuric acid, with some aromatics, 

ELM. ( Ulmus. Orme, Fr. ; Ulme, Ger.) Of this European timber tree there are 
five species. The Ulmus Campestris, the English Elm, is regarded in this country as 
one of the finest of European deciduous trees for park scenery; it lives for upwards of 200 
years, forming a remarkably straight tall trunk. The quality of timber depends a good 
deal on the soil in which it is grown, being always best on a dry, loamy soil, and 
plenty of air. The Ulmus montana, the Mountain-Scots or Wych Elm : the trunk 
is not so lofty nw the wood so heavy as the English Elm ; and though coarse gained 
is very highly prized by shipbuilders and Cartwrights. It possesses great longitudinal 
adhesion, and is consequently one of oar stiffest and straightest timbers. These 
woods are not liable to split, and bear the driving of nails or bolts better than any 
other timber, and are exceedingly durable when constantly wet. They are therefore 
much used for the keels of vessels, and for wet foundations, waterworks, piles, pumps, 
and boards for coffins. On account of its tonghness it is selected for the naves of wheels, 
and for the gunwales of ships. 

ELV ANS. Granitic and felspathic prophyritic rocks, which are frequently found 
traversing both the granite and slate rocks. 

“ The Elvans or veins of quartziferous porphyry, that is, a granular crystalline 
mixture of feldspar and quartz which are common both in Cornwall and Devon, and 
near the granite of the south-east of Ireland, are probably in reality granite veins, or 
veins proceeding from a granitic mass.” — Jukes. 

“ When these granite-veins are of a large size they are termed Ehan courses ; indeed 
this is the only distinction between these two forms of elongated masses of granitic 
rock. In composition these elvans are either shorl-rock, eurite, felsparite, or even 
varieties of fine-grained granite.” — Boase. 

EMAIL OMBRANT, a process which consists in flooding coloured but transparent 
glazes over designs stamped in the body of earthenware or ptwcelain. A plane surface 
is thus produced, in which the cavities of the stamped design appear as shadows of 
various depths, the parts in highest relief coming nearest the surface of the glaze, and 
thus having the effect of the lights of the picture. This process was introduced by 
the Baron A. De Tremblay of Rubelles, near Melun. 

EMBALMING. (^Embaumement,FT.; Embalsomen, Germ.) An operation employed 
by the ancients to preserve human bodies from putrefaction. From their using balsams 
in the process, the name was derived. See Disinfection, Pctrf.faction. 

EMBOSSING. One of the plans introduced for embossing cloth by machinery 
which appears to be the most effective, is that of Mr. Thomas Greig, of Rose Bank, 
near Bury. This machine is thus constructed. 

Figs. 717,718 represent three distinct printing cylinders of copper, or other suitable 
.material A, B, c, with their necessary appendages for printing three different colours 
upon the fabric as it passes through the machine ; either of these cylinders A, B, or c, 
may be employed as an embossing cylinder, without performing the printing process, 
or may be made to effect both operations at the same time. 

The fabric or goods to be operated upon being first wound tightly upon a roller, 
that roller is to be mounted upon an axle or pivot, bearing in arms or, brackets at the 
back of the machine, as shown at d. From this roller the fabric a a a a is conducted 
between tension rails, and passed under the bed cylinder or paper bowl e, and from 
thence proceeds over a carrier roller F, and over steam boxes not shown in the drawing, 
or it may be conducted into a hot room, for the purpose of drying the colours. 

The cylinders A, b, and c, having either engraved or raised surfaces, are connected 
to feeding rollers b, b, b, revolving in the ink or coloured troughs e, c, c ; or endless 
felts, called sieves, may be employed, as in ordinary printing machines, for supplying 
. the colour, when the device on the surface of the cylinders is raised ; these cylinders, 
may be furnished with doctors or scrapers when required, or the same may be applied 
to endless felts. 

The blocks have adjustable screws g,g, for the purpose of bringing the cylinders up 
agaiast the paper bowl with any required degree of pressure; the cylinder b is 
supported.^ its gudgeons running in blocks, which blocks slide in the<^ower parts 
of the foames, and are connected to perpendicular rods i, having adjustable, 
screw nuts. 

The lower parts of these pjds. bear upon weighed levers k, k, extending in front of 
the machine ; and by increasing the weights I, I, any degree of upward pressure may be 
given to the cylinder B. 

The colour boxe? or troughs c, c, c, carrying the feeding rollers b, b, b, are fixed on 
boards which slide in grooves in the side ftumes, and the rollers are adjusted and 
brought into contact with the surface of the pointing cylinders by screws. 
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If a black cloth should be required to be introduced between the cylindrical bed or 
paper bowl e, and the fabric a a a, as the ordinary felt or blanket, it may, for printing 
and embossing cotton, silk, 
or paper, be of linen or 
cotton ; but if woollen 
goods are to be operated 
upon, a cap of felt, or some 
such material, must be 
bound round the paper 
bowl,^ and the felt or 
blanket must be used for 
the back cloth, which is to 
be conducted over the 
rollers h and i. 

For the purpose of em- 
bossing the fabric, either 
of the rollers a, b, or c, 
may be employed, observ- 
ing that the surface of the 
roller must be cut, so as to 
leave the pattern or device 
elevated for embossing 
velvets, plain cloths, and 
papers, but for woollens 
the device must be exca- 
vated, that is, cut in re- 
cess. 

The pattern of the em- 
bossing cylinder will, by 
the operation, be partially 
marked through the fabric 
on to the surface of the 
paper bowl e ; to oblite- 
rate which marks from 
the surface of the bowl, as 
it revolves, the iron cylin- 
der roller o is employed ; 
but as in the embossing of 
the same patterns on paper, 
a counter roller is required 
to produce the pattern per- 
fectly, the iron roller is in 
that case dispensed with, 
the impression given to the 
paner bowl being required 
to he retained on its surface until the operation is finished. 

In this case the relative circumferences of the embossing cylinder, and of the paper 
bowl, must be exactly proportioned to each other; that is, the circumference of the 
bowl must be equal, exactly, to a given number of circumferences of the embossing 
cylinder, very accurately measured in order to preserve a perfect register or coin- 
cidenoe, as they continue revolving between the pattern on the surlace of the em- 
bossing cylinder and that indented into the surface of the paper bowl. 

The axle of the paper bowl e, turns in brasses fitted into slots in the sme and 

it mas be raised by hand from its bearings, when required, by a lever A, extending m 
front," This lever is affixed to the end of a horizontal shaft i., crossing the machine 
seen in the figures, at the back of which shaft there are two segment Je^w p- p. to 
which bent Q, Q. are attached, having hooks at their lower ends, passed nnd^the 
axle of the bowl. At the reverse end of the shaft n, a ratchet-wheel r, is affixe^nd 
a pall or click mounted on the side of the frame takes into the teeth of the wheel r, 
and thereby holds up the paper howl when required. t * * 

When the iron roller o, is to be brought into operation, the vertical '• <> 

mounted in the upper parts of the side frames, are turned in or^ ® 
brasses N, which cLiy the aide of that roller and slide in slots in the side frames 

The cylinders A, B, and c, are represented hollow, and may be kept at any desired 
temperature during the operation of printing, by introducing steum into them ; 
under the colour boxes c, c, c, hollow chambers are also made for the same pur[MS& 
The degree of temperature required to pyen to these must depend upon the nature 
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of the colouring material, and of the goods operated upon. For the purpose of con- 
ducting steam to these hollow cylinders and colour boxes, pipes, as shown at v, v, v, 
are attached, which lead from a steam boiler. But when either of these cylinders is 
employed for embossing alone, or for embossing and printing at the same time, and 
particularly for some kinds of goods where a higher temperature may be required, a 
red-hot heater is then introduced into the hollow cylinder in place of steam. 

If the cylinder b, is employed as the embossing cylinder, and it is not intended to 
print the fabric by that cylinder simultaneously with the operation of embossing, the 
feeding roller A, must be removed, and also the colour box c, belonging to that cylin - 
der ; and the cylinders A and c are to be employed for printing the fabric, the one 
applying the colour before the embossing is effected, the other after it. It is however 
to be remarked, that if A and c are to print colours on the fabric, and b to emboss it, 
in that case it is preferred, where the pattern would allow it. A and c are wooden 
rollers having the pattern upon their surfaces, and not metal, as the embossing cylin- 
ders must of necessity be. 

It will be perceived that this machine will print one, two, or three colours at the 
same time, and that the operation of embossing may be performed simultaneously with 
the printing, by either of the cylinders A, B, or c, or the operation may be performed 
consecutively by the cylinders, either preceding or succeeding each other. 

The situations of the doctors, when required to be used for removing any super- 
fluous colour from the surface of the printing cylinder, are shown at d, d, d; those 
for removing any lint which may attach itself, at e, e, e. They are kept in their 
bearings by weighted levers and screws, and receive a slight lateral movement to and 
fro, by means of the vertical rod m, which is connected at top to an eccentric, on the 
end of the axle of the roller H, and at its lower end to a horizontal rod mounted at 
the side of the frame j to this horizontal rod, arms are attached, which are connected 
to the respective doctors j and thus by the rotation of the eccentric, the doctors are 
made to slide laterally. 

When the cylinders a, b, or c, are employed for embossing only, those doctors will 
not he required. The driving power is communicated to the machine from any first 
mover through the agency of the toothed gear, which gives rotatory motion to the 
cylinder b, and from thence to the other cylinders A, and c, by toothed gear shown in 
/<?. 717 . 

EMBOSSING LEATHER. Beautiful ornaments m basso-relievo for decorating the 
exteriors or interiors of buildings, medallions, picture-frames, cabinetwork, &c., have 
been recently made by the pressure of metallic blocks and dies by M. Claude Schrnth. 
The dies are made of type metal, or of the fusible alloy with bismuth, called d’Arcets. 
The leather is beaten soft in water, then wrung, pressed, rolled, and fulled as it were, 
by workidg it with the hands till it becomes thicker and quite sufple. In this state 
it is laid on the mould, and forced into all its cavities by means of a wooden, bone, or 
copper tool. In other cases, the embossing is performed by the force of a press. The 
Jeather, when it has become dry, is easily taken off the mould, however deeply it may 
be inserted into its crevices by virtue of its elasticity. 

EMBOSSING WOOD. {Bossage, Ft.-, Erhabenes, Arbeit, Germ.^ Raised figures 
upon wood, such as are employed in picture-frames, and other articles of ornamental 
cabinet work, are usually produced by means of carving, or by casting the pattern in 
plaster of Paris, or other composition, and cementing, or otherwise fixing it on the 
surface of the wood. The former mode is expensive ; the latter is inapplicable on 
many occasions. The invention of Mr. Streaker may be used either by itself, or in aid 
of carving, and depends on the fact, that if a depression be made by_a blunt instrument 
on the surface of the wood, such depressed part will again rise to its original level by 
subsequent immersion in the water. 

The wood to be ornamented having been first worked out to its proposed shape, is in 
a state to receive the drawing of the pattern ; this being put on a blunt steel tqpl, or 
burnisher, or die, is to be applied successively to all those parts of the pattern intended 
to be in relief, and, at the same time, is to be driven very cantionsly, without breaking 
the grain of the wood, till the depth of the depression is equal to the intended pro- 
mioegee of the figures. The ground is then to be reduced by planing or filing to the 
level of the depressed part ; after which, the piece of wood being placrt in water, 
either hot or cold, the part previously depressed will rise to its former height, and will 
then form an embossed pattern, which may be finished by the usual operations of 
carving. See Cakvino wi Machinerv. 

Another process which may be regarded either as carving or embossing wood, is 
that patented by Messrs. A. S. Braithwa'te and Co. 

Oak, mahogany,^ose-wood, horse-chestnut, or other wood, is steeped in water for 
about two hours ; and the cast iron mould containing the device is heated to redness, 
or sometimes to a white heat, and applied agarinst the wood, either by a handle, as a 
branding iron, by a lever press, or by a screw-press, according to circumstances j the 
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moulds are made by the iron-founder from plaster casts of the original models or 
carvings. 

Had not the wood been saturated with water, it would be ignited, but until the 
moisture is evaporated, it is only charred ; it gives off volumes of smoke, but no flame. 
After a short time the iron is returned to the fhmace to be re-heated, the blackened 
wood is well rubbed with a hard brush to remove the charcoal powder, which being 
a bad conductor of heat, saves the wood from material discoloration ; and before the 
reapplication of the heated iron, the wood is again soaked in water, but for a shorter 
time, as it now absorbs moisture with more facility. 

The rotation of burning, brushing, ai^ wetting is repeated ten or twenty times, or 
upwards, until in fact the wood fills every cavity in the mould, the process being 
materially influenced by the character and condition of the wood itself, and the degrees 
to which heat and moisture are applied. The water so far checks the destruction of 
the wood, or even its change of any kind, that the burned surface, simply cleaned by 
brushing, is often employed, as it may be left either of a very pale or deep brown, 
according to the tone of colour required, so as to match old carvings of any age ; or 
a very little scraping removes the discoloured surface. Perforated carvings are 
burned upon thick blocks of wood, and cut off with the circular saw. 

EMBROIDERING MACHINE. (^Machine d broder, Fr. ; Steckmaschine, Germ.) 
This art has been from the earliest times a handicraft employment, cultivated on 
account of its elegance by ladies of rank. But M. Heilman, of Mnlhonse, invented a 
machine of a most ingenious kind, which enables a female to embroider any^ design 
with 80 or 140 needles as accurately and expeditiously as she formerly could do with 
one. A brief account of this remarkable invention will therefore be acceptable to 
many readers. It was first displayed at the national exposition of the products of 
industry in Paris for 1834. 130 needles were occupied in copying the same pattern 

with perfect regularity, all set in motion by one person. 

Several of these machines are now mounted in France, Germany, and Switzerland, 
and, with some modifications, in Manchester, Glasgow, and Paisley. 

The price of a machine having 130 needles, and of consequence 260 pincers or 
fingers and thumbs to lay hold of them, is 6000 francs, or 200/. sterling; and it is 
estimated to do daily the work of 15 expert hand embroiderers, employed upon the 
ordinary frame. It requires merely the labour of one grown-up pereon, and two 
assistant children. The operative must be well taught to use the machine, for he has 
many things to attend to : with the one hand he traces out, or rather foUows the design 
with the point of the pantograph ; with the other he turns a handle to plant and pull 
all the needles, which are seized by pincers and moved along by carriages, approaching 
to and receding from the web, rolling all the time along an iron railway ; lastly, by 
means of two pedals, upon which he presses alternately with the one foot and the 
other, he opens the 130 pincers of the first carriage, which ought to give up the needles 
after planting them in the stuff, and he shuts with the same pressure the 130 pincers' 
of the second carriage, which is to receive the needles, to draw them from the other 
side, and to bring them back again. The children have nothing else to do than to 
change the needles when aU their threads are used, and to see that no needle misses 
its DiocerS' 

This machine may be described under four heads : I. the structure of the frame ; 2. 
the disposition of the web ; 3. the arrangement of the carriages ; and 4. the construction 


of the pincers. . .. • j . 

I The structure of the frame. — It is composed of cast-iron, and is very massive. 
Fig 719 exhibits a front elevation of it. The length of the machine depends upon 
the number of pincers to be worked. The model at the exposition had 260 pincers, 
and was 2 metres and a half (about 100 inches or 8 feet four inches English) long. 
The figure here given has been shortened considerably, but the other proportions are 
not disturbed. The breadth of the frame ought to be the same for every machine, 
whether it be long or short, for it is the breadth which deterges thelen^ of the 
thread to be put into tbe needles, and there is an advantap m giving it the full breadth 
of the model machine, fully 100 inches, so that the needles may carry a thread at>ist 


ofthepkee to be embroidered.-Sf e have already stated that thapincers 
rbich hifid the needles always present themselves opposite to the same point and tto 
1 consequence they would continually pass backwards ^ ftffwards through the same 
ole, if the piece was not displaced with suflcient precisTtm to bring successively op- 
osite the tips of the needles every point upon which they are to work a design, such 

The piece is strmned perpendicularly upon a large rectangular frame, who^ fow 
des are visible in /s. 719; namely, th$ two verticM sides at J f, aM the 
ontal sides, the upper and lower at f' f''. We see also in the figure two long wooden 
^ 1 3 
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rollers o and o, whose ends, mounted with iron stnds, are supported upon the sides F 
of the frame, so as tom to freely. These form a system of beams upon which the piece 


719 



destined to receive the embroidery, is wound and kept vertically stretched to a proper 
degree, for each of these beams bears upon its end a small ratchet wheel g, g ; the teeth 
of one of them being inclined in the opposite direction to those of the other. Besides 
tho^vstem of lower beams, there is another of two upper beams, which is however but 
imperfectly seen in the figure, on account of the interference of other partsiin this view 
of the machine. One of these systems presents tha web to the inferior needles, and 
the other to the upper needles. As the two beams are not in the same vertical plane, 
the plane of the web would be presented obliquely to the needles were it not for a 
straight bar of iron, rounu whose ed^e the cloth passes, and which renders it 
vertical. The piece is kept in tension crosswise by small brass templets, to which the 
strings g" are attached, and by which it is pulled towards the sides of the frame r. It 
remains to show by what ingenious means this frame may be shifted in every possible 
direction. M. Heilmann has employed for thig purpose the pantograph which dranghts- 
men use for reducing or enlarging their plans in determinate proportions. 

b b' f b" (Jig. 719) represent a parallelogram, of which the four Kbgles b, b',f". 
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b '' are jointed in such a way that they may become very acute or very obtuse at plea- 
sure, while the sides of course continue of the same length ; the sides b V and b b" are 
prolonged, the one to the point d, and the other to the point e, and these points c and 
d are chosen under the condition that in one of the positions of the parallelogram, the 
line c d which joins them passes through the point/; this condition may be fulfilled 
in an infinite number of manners, since the position of the parallelogram remaining 
the same, we see that if we wished to shift the point d fhrther from the point b', it 
would be sufficient to bring the point c near enough to A", or vice versa ; but when we 
have once fixed upon the distance i' d, it is evident that the distance c is its neces- 
sary "bonsequence. Now the principle upon which the construction of the pantograph 
rests is this ; it is sufficient that the three points if,/ and c be in a straight line, in 
one only of the positions of the parallelogram, in order that they shall remain always 
in a straight line in every position which can possibly be given to it 

We see in the figure that the side b c has a handle a" with which the workman 
puts the machine in action. To obtain more precision and solidity in work, the sides 
of the pantograph are joined, so that the middle of their thickness lies exactly in the 
vertical plane of the piece of goods, and that the axes of the joints are truly perpendi- 
cular to this plane, in which consequently all the displacements are effected. We 
arrive at this result by making fast to the superior great cross bar d" an elbow piece 
d", having a suitable projection, and to which is adapted in its tnm the piece (f, which 
receives in a socket the extremity of the side b d ; this piece ct is made fast to d" by 
a bolt, but it carries an oblong hole, and before screwing np the nut, we make the 
piece advance or recede, till the fulcrum point comes exactly into the plane of the 
web. This condition being fulfilled, we have merely to attach the frame to the angle 
/ of the parallelogram, which is done by means of the piece r". 

It is now obvious that if the embroiderer takes the handle n" in his hand and makes 
the pantograph move in any direction whatever, the point /will describe a figure 
similar to the figure described by the point c, and six times smaller, but the point/ 
cannot move without the frame, and whatever is upon it moving also. Thus in the 
movement of the pantograph, every point of the web describes a figure equal to that 
described by the point/, and consequently similar to that described by the point c, but 
six times smaller ; the embroidered object being produced upon the cloth in the position 
of that of the pattern. It is sufficient therefore to give the embroidering operative who 
holds the handle b" a design six times greater than that to be executed by the machine, 
and to afford him at the same time a sure and easy means of tracing over with the 
poi nt c, all the outlines of the pattern. For this purpose he adapts to c, perpendicularly 
to the plane of the parallelogram, a small style terminated by a point c", and he fixes 
the pattern upon a vertical tablet E, parallel to the plane of the stuff and the parallelo- 
gram, and distant from it only by the length of the style c c " ; this tablet is carried by 
the iron rod e', which is secured to a cast iron foot e', serving also for other purposes, 
as we shall presently see. The frame loaded with its beams and its cloth forms a 
pretty heavy mass, and as it must not swerve from its plane, it needs to be lightened, 
in order that the operative may cause the point of the pantograph to pass along the 
tablet without straining or uncertainty in its movements. M. Heilmann has accom- 
plished these objects in the following way. A cord e attached to the side 6 c of the 
pantograph passes over a return pulley, and carries at its extremity a weight which 
may be graduated at pleasure ; this weight equipoises the pantograph, and tends 
slightlv to raise the frame. The lower side of the frame carries two rods H and H, 
each attached by two arms h A, a little bent to the left : both of these are engaged in 
the grooves of a pulley. Through this mechanism a pressure can be exercised upon 
the frame from below upwards which may regulated at pleasure, and without pre- 
venting the frame from moving in all directions, it hinders it from deviating firom the 
primitive plane to which the pantograph was adjusted. The length of the rods H 
onglrt to be equal to the amount of the lateral movement of the frame. . Two guides 
t !, carried by two legs of cast iron, present vertical shts in which the lower part of the 


frame f' is engaged. , , , ... , , 

3. Disposittmofthecarriafjes.-’lXie twoeamages, whio^re similar, are plac^tbe 
one to th^ght, and the other to the left of the frame. TTie cSrriage itself is^Tom ■ 
posed merely of a long hollow cylinder of cast iron p, carry ing at either end a system 
of two grooved castors or pulleys p', which roll upon the honsontal rails K ; the pii leys 
are mounted upon a forked piece I, with two ends to receive the axes of the pulleys, 
and the piece V is itself bolted to a projecting car I ^t upon the cy linder. 

This isemblage constitutes, properly speaking, the carriage, resting in a perfrctly 
stable equiUbrium upon the rails x, upon which it may be mostly ^ 

wards and forwards, carrying its train of needles to be passed or Srawn through the 


cloth. 


M Heilmann has contrived a mechaflsm by which the operative, without bodging 

I 4 
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from his place, may conduct the carriages, and regulate as he pleases the extent of 
their course, as well as the rapidity of their movements. By turning the axes m" in 
the one direction or the other, the carriage may be made to approach to, or recede 
from, the web. 

When one of the carriages has advanced to prick the needles into the stuff, the other 
is there to receive them ; it lays hold of them with its pincers, pulls them through, 
performs its course by withdrawing to stretch the thread, and close the stitch, then it 
goes back with the needles to make its pricks in return. During these movements, 
the first carriage remains at its post waiting the return of the second. Thus the two 
chariots make in succession an advance and a return, but they never move toge^er. 

To effect these movements M. Heilmann has attached to the piece o' made fast to 
the two uprights A c and A d of the frame, a bent lever non! movable round the 
point 0 ; the bend n' carries a toothed wheel o', and the extremity n" a toothed wheel 
o'' *, the four wheels m, m', o', and o", have the same number of teeth and the same 
diameter ; the two wheels o' and o" are fixed in reference to each other, so that it is ^ 

sufficient to turn the handle n to make the wheel o" revolve, and consequently the 
wheel o' ; when the lever n o is vertical, the wheel o' touches neither the wheel m nor 
the wheel si' ; but if it be inclined to the one side or the other, it brings the wheel o' 
alternately into gear with the wheel m or the wheel m'. As the operative has his two 
hands occupied, the one with the pantograph, and the other with the handle of impul* 
siou, he has merely his feet for acting upon the lever n o, and as he has mauy other 
things to do, M. Heilmann has adapted before him a system of two pedals, by which 
he executes with his feet a series of operations no less delicate than those which he 
executes with his hands. 

The pedals p are movable round the axis p, and carry cords p' wound in an opposite 
direction upon the pulleys p' j these pulleys are fixed upon a movable shaft v'' sup- 
ported upon one side by the prop e', and on the other in a piece k' attached to the two 
great uprights of the frame. In depressing the pedal p (now raised in the figure), the 
upper part of the shaft p" will turn from the left to the right, and the lever n o will 
become inclined so as to carry the wheel o' upon the wheel m', hut at the same time 
the pedal which is now depressed will be raised, because its cord will be forced to 
wind itself upon its pulley, as much as the other cord has unwound itself; and thus 
the apparatus will be ready to act in the opposite direction when wanted. 

4, Disposition of the pincers, — The shaft l' carries, at regular intervals of a semi- 
diameter, the appendages q q cast upon it, upon which are fixed, by two bolts, the 
curved branches q destined to bear the whole- mechanism of the pincers. When the 
pincers are opened by their appropriate leverage, and the half of the needle, which is 
pointed at each end, with the eye in the middle, enters the opening of its plate, it gets 
lodged in an angular groove, which is less deep than the needle is thick, so that when 
the pincers are closed, the upper jaw presses it into the groove. In this way the needle 
is firmly held, although touched in only three points of its circumference. 

Suppose now, that all the pincers are mounted and adjusted at their proper distances 
upon their prismatic bar, forming the upper range of the right carriage. For opening 
all the pincers there is a long plate of iron, u, capable of turning upon its axis, and 
which extends from the one end of the carriage to the other. This axis is carried by a 
kind of forks which are bolted to the extremity of the branches q. By turning that 
axis the workman can open the pincers at pleasure, and they are again closed by 
springs. This movement is performed by his feet acting upon the pedals. 

The threads get stretched in proportion as the carriage is run out, hut as this tension 
has no elastic play, inconveniences might ensue, which are prevented by adapting to 
the carriage a mechanism by means of which ^ the threads are pressed at the same «■ 

time by a weight susceptible of graduation, A little beneath the prismatic bar, which 
carries the pincers, we see in the figure a shaft Y, going from one end of the carriage 
to the other, and even a little beyond it ; this shaft is carried by pieces y which are 
fixed to the arms Q, and in which it can turn. At its left end it carries two small bars 
f and w\ and at its right a single bar y, and a counterweight (not visible in this view) ; ^ 

the ends of the two bars f are joined by an iron wire, somewhat stout and perfectly 
str^8l|sht. When the carriage approaches the web, and before the iron wire can touch 
it, the little bar ip presses against a pin ip', which rests upon it, and tencU? to raise it 
more and more. In what has preceded we have kept in view only the upper range 
of pincers and needles, hut there is an inferior range quite similar, as the figure shows, 
at the lower ends of the arm^. In conclusion, it should he stat^, that the operative 
does not follow slidingly with the pantograph the trace of the design which is upon 
the tablet or the picture, but he must stop the point of the style upon the point of the 
pattern into which the needle should enter, then remove it, and put it down a^in upon 
the point by which the needle ought to re-enter in coming from the other side of the 
piece, and so on in succession. To facilitate l^is kind of reading off, the pattern upon 
the tablet is composed of right lines terminated by the points tor the entrance and 


EMERY. 


121 


return of the needle, so that the operative (usually a child) has continually under her 
eyes the series of broken lines which must be followed by the pantograph. If she 
happens to quit this path an instant, without having left a mark of the point at -winch 
she had arrived, she is under the necessity of looking at the piece to see what has been 
already embroidered, and to find by this comparison the point at which she must 
resume her work, so as not to leave a blank, or to repeat the same stitch. 

, Explanation of Figure. 


A, lower cross bars, which unite the legs of the two ends of the frame. 
c,*^he six feet of the firont end of the frame. 

- o', the six feet of the posterior end of the frame. 

curved pieces which unite the cro^ bars a'' to the uprights. 
b'', handle of the pantograph. 

6, b\ 6", three angles of the pantograph. 

c, point of the side b b'* on which the point is fixed. 
c". point of the pantograph. 

d", cross bar in form of a gutter, which unites the upper parts of the frame. 

d, fixed point, round which the pantograph turns. 

E, tablet upon which the pattern to he embroidered is put. 
e', support of that tablet. 

c, cord attached at one end to the side 6 c of the pantograph passing over a guide 
pulley, and carrying a weight at the other end. 

e\ iron rod by which the tablet e is joined to its support s'. 

F, F, uprights of the cloth-carrying firame. 

F*, f', horizontal sides of the same frame. 

G, four roll beams. 
g", the piece of cloth. 

g", the strings, which serve to stretch the cloth laterally. 


This machine has not been applied for embroidering nets or muslins, as these fabrics 
are not sufficiently close to hold the needles ; it has been hitherto used for embroidering 
cloth for vests and other purposes, and silk for ladies* dresses. We learn, however, 
that some very satisfactory experiments have been made by the Messw. Houldsworth 
of Manchester, which promise shortly to lead to the successful application of these 
machines to ihe finer description of fiibrics. 

EMERY, This mineral was long regarded as an ore of iron ; and was caUed by 
Hauy fer oxid4 quartzifke. It is, however, a massive granular or compact variety of 
corundum, more or less impure. It is very abundant in the island of Naxos, at Cape 
whence its name. From this place it is imported in la^e quMtitics. It occurs 
also in the islands of Jersey and Guernsey, at Almaden m Polwd, Saxony, Sw^en, 
Persia, &c. Its colour varies from red brown to dark brown j its specific gravity is 
about 4-000 ; it is so hard as to scratch qhartz and many pwkms . 

We have recent accounts of emery discoveries m Minnes<rta, but ne»ly m that is 
used at present in the arts comes from Turkey, near ancient Smyrna. Dr. Lawrence 
Smith, tL American geologist, made a discovery 

in Smyrna, and he made an examination of the locabty m 1847. Ur. Smith having 
reportLhis discoveries to the Turkish government, a commission of inquiry ^ 
instituted, and the business soon assumed a mercantile form. The monopoly of the 
emery of Turkey was sold to a mercantile house in Smyrna, and smee then the 

orice has diminished in the market, v t t 

^ The following analyses are quoted by Dana from an elaborate paper by J. Lawrence 


Kulat - ' fe ^98 70 10 22-21 0-62 400 2 10 

Samos - - 56 8 20-32 1-40 4 12 >,63 

Nicanaj, - - 55 3/ ^^.^2 0.50 a-gg 3-36 

Kulah - - 53 4 gg2 1-80 8 13 3-11 

Gumuch - - 47 30 

Npos - - 46 31 ^3-06 0-72 683 310 

Nicaria - - « 3 / 2 ^ 20 0-48 I'SO 5 62 

I - 40 .T89 61-05 27-15 1-30 963 2-00 

— T TT I e'smnlpst character. The natural decomposition 

ofThe'r“wMlh Ss faciUtat^ Usextraetion. The rock decomposes into an 
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earth, in which the emery is found imbedded. The quantity procured under these cir- 
cumstances is so gretit that it is rarely necessary to explore the rock. The earth in the 
neighbourhood of the block is almost always of a red colour, and serves as an indication 
to those who are in search of the mineral. Sometimes, before beginning to excavate, 
the spots are sounded by an iron rod with a steel point, and when any resistance is 
met with, the rod is rubbed in contact with the resisting bod^, and the effect pro- 
duced on the point enables a practised eye to decide whether it has been done by 
emery or not. The blocks which are of a convenient size are transported in their 
natural state, but they are frequeutly broken by large hammers ; when they resist the 
action of the hammer, they are subjected to the action of fire for several hours, ai7d on 
cooling they most commonly yield to blows. '-It sometimes happens that large masses 
are abandoned, from the impossibility of breaking them into pieces of a convenient 
size, as the transportation, either on camels or horses, requires that the pieces shall 
not exceed 100 lbs. each in weight. 

When reduced to a powder, emery varies in colour from dark grey to black. The 
colour of its powder affords no indication of its commercial value. The powder ex - 
amined under the microscope shows the distinct existence of two minerals, corundum 
and oxide of iron. Emery, when moistened, always affords a very strong argillaceous 
odour. Its hardness is its most important property in its application to the arts, and 
was ascertained by Mr. Smith in the following manner ; — Fragments were broken 
from the piece to be examined, and crushed in a diamond mortar with two or three 
blows of a hammer, then thrown into a sieve with 400 holes to the inch. The powder 
is then weighed, and the hardness tested with a cireular piece of glass, about four 
Inches in diameter, and a small agate mortar. The glass is first weighed, and placed 
on a piece of glazed paper j the pulverised emery is then thrown upon it at intervals, 
rubbing it against the glass with the bottom of the agate mortar. The emery is 
brushed off the glass from time to time with a feather, and when all the emery has 
been made to pass once over the glass, it is collected, and passed through the same 
operation three or four times. The glass is then weighed, again subjected to the 
same operation, the emery by this time being reduced to an impalpable powder. This 
series of operations is continued untill the loss sustained by the glass is exceedingly 
small The total loss in the glass is then noted, and when all the specimens of emery 
are submitted to this operation under the same circumstances, an exact idea of their 
relative hardness is obtained. The advantages of using glass and agate are, that the 
latter is sufficiently hard to crush the emery, and in a certain space of time to reduce 
it to such an impadpable state, that it has no Icmger any sensible effect on the glass ; 
and, on the other hand, the glass is soft enough to lose during this time sufficient of 
its substance to allow of accurate comparative results. By this method, the best 
emery was found capable of wearing away about half of its weight of common French 
window-glass. 

In the ordinary process, the lumps of emery ore are broken up in the same manner 
as stone is for repairing macadamised roads, and into lumps of similar size. These 
lumps then crushed under stampers, such as are used for pouading metallic ores, 
driven by water or by steam power. It is supposed that the stampers leave the frag- 
ments more angular than they would be if they were ground under runners, a mode 
which is sometimes employed. The coarse powder is then sifted through sieves of 
wire cloth, which are generally cylindrical, like the bolting cylinders of corn.mills; 
but the sieves are covered with wire cloth, which vary from ninety to sixteen 
wires to the inch. No. 16 sieve gives emery of about the size of mustard-seed ; and 
coarser fragments, extendiiig nearly to the size of pepper-coma; are also occasionally 
prepared for the use of engineers. The sieves have sometimes as many as 120 wires 
in the inch ; but the very fine sizes of emery are most commonly sifted through lawn 
sieves. The finest emery that is obtained from the manufacturers is that which floats 
in the atmosphere of the stamping-room, and is deposited on the beams and shelves, 
from which it is occasionally collected. The manufacturers rarely or never wash the 
emery ; this is mostly done by the glass-workers, and such others as require a greater 
degree of precision than can be obtained by sifting. 

TilS^ollowing table shows the number of wires usually contained in the sjeves, and 
the names of the kinds respectively produced by them : — 



Wires. 

Com emery - - - ^ 

- 16 

Coarse grinding emery - 

- 24 

Grinding emery - 

- 36 

Fine grinding eftery 

- 46 

Superfine grinding emery 

- 33 


Coarse flour emery 

Wires 

- 60 

Flour emery - - . 

- 70 

Fine flour emery - 

- 80 

Superfine flour emery 

- 90 



EMERY. 


123 


Washing emery by hand is far too tedious for those who require Tery large quanti- 
ties of emery, such as the manufacturers of plate glass and some others, who generally 
adopt the following method: — Twelve or more cylinders of sheet copper, of the common 
height of about two feet, and varying from about three, five, eight, to thirty or forty 
inches in diameter, are placed exactly level, and communicating at their upper edges, 
each to the next, by small troughs or channels; the largest vessel has also a waste-pipe 
near the top. At the commencement of the process, the cylinders are all filled to the 
brim with clean water ; the pulverised emery is then churned up with abundance of 
water in another vessel, and allowed to run into the smallest or the three-inch cylinder, 
thrJagh a tube opposite the gutter leading to the second cylinder. The water during 
its short passage across the three-inch', ^linder, deposits in that vessel such of the 
coarsest emery as will not bear suspension for that limited time ; the particles next 
finer are deposited in the five-inch cylinder, during the somewhat longer time the 
mixed stream takes in passing the brim of that vessel ; and so on. Eventually the 
water forms a very languid eddy in the largest cylinder, and deposits therein the very 
fine particles that have remained in suspension until this period; and the water, 
lastly, escapes by the waste-pipe nearly or entirely free from emery. In this simple 
arrangement, time is also the measure of the particles respectively deposited in the 
manufacture to which the emery is applied. When the vessels are to a certain degree 
filled with emery, the process is stopped, the vessels are emptied, the emery is care- 
• fully dried and laid by, and the process is recommenced. 

UoltZapSel informs us that he has been in the habit, for many years, of employing 
emery of twelve degrees of fineness, prepared by himself by washing Over. 

For optical purposes, Mr. Ross mixes four pounds of the flour of emery of com- 
merce, with one ounce of powdered gum-arabic, and then throws the powder into two 
gallons of clear water ; and he collects the deposit at the end of 1 0'^ and 30^', and 2' 
to' 20' and 60', and that which is not deposited by one hour’s subsidence is thrown 
away as useless for grinding lenses. 

Emery paper is prepared by brushing the paper over with thin glue, and dusting the 
emery-powder over it from a sieve. There are about six degrees of coarseness. 
Sieves with thirty and ninety meshes per linear inch, are in general the coarsest and 
finest sizes employed. When used by artisans, the emery-paper is commonly wrapped 
round a file or a slip of wood,- and applied just like a file, with or without oil, accord- 
ing to circumstances. The emery-paper cuts more smoothly with oil, but leaves the 
work dull. 

Emery cloth only differs from emary-paper in the use of thin cotton cloth instead of 
paper, as the material upon which gie emery is fixed by means of glue. The emeiy 
cloth, when folded around a file, does not ply so readily to it as emery-paper, and is 
apt to unroll. Hence smiths, engineers, and others, prefer emery-paper and emery- 
sticks ; but for household and other purposes, where the hand alone is used, the 
greater durability of the cloth is advantageous. 

Emery-sticks «re rods of board hbout eight or twelve inches long, planed up square ; 
or with one sidjirqhnded like a half round file. Nails are driven into each end of the 
stick as temporary handles ; they are then brushed over one at a tima with thin 
glue, and dabbed at all parts in a heap ©fernery powder, and knocked on one end to 
shake off the excess. Two coats of glue and emery are generally used. The emcry- 
sticks are much more economical than emery-paper wrapped on a file, which is liable 
to be tom. 

Emery-cake consists of emery mixed with a little beeswax, so as to constitute a 
solid lump, with which to dress the edges of buff and glaze wheels. The ingrediente 
should be thoroughly incorporated by stirring the mixture whilst fluid, after which it 
is frequently poured into water, and thoroughly kneaded with the hands, and rolled 
into lumps before it has time to cook The emery-cake is sometimes applied to the 
wheels whilst they are revolving; but the more usual course is, to stop the wheel 
and rub in the emery cake by hand. It is afterwards smoothed down by the 
thumb. 

Emery-paper, or patent razor-strop paper, an article m which fine emery and gla^s 
are mixed with paper pulp, and made into sheets as in making ordinary papery the 
emery ail^ glass are said to constitute together 60 per cent, of the weight ot the paper, 
which resembles drawing-paper, except that it has a delicate fawn colour. The emery- 
paper is directed to be pasted or glued Upon a piece of wood, and when rubbed with a 
little oil, to be used as a razor-strop. .• . v ■ 

In 1842, Mr. Henry Barclay took out a patent for a method of combining 
powdered emery into discs and laps of different kinds, suitable^to grinding, cutting 
and polishing glass, enamels, metab, and other hard substances. The procera of 
manufacture is as follows:— Coarse emery-powder is mixed with about half tts 
weight of pulverised Stourbridge loaC and a little water or other liquid, to make a 
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thick paste ; this is pressed into a metallic mould by means of a screw-press, and after 
having been thoroughly dried, is baked or burned in a muffle or close receiver at a 
temperature considerably above a red heat and below the full white heat. In this 
case, the clay or alumina serves as a bond, and unites the particles very completely 
into a solid artificial emery-stone, which cuts very greedily, and yet seems hardly to 
suffer perceptible wear. 

Superfine grinding emery is formed into wheels exactly in the same manner as the 
above, but the proportion of loam is then only one-fourth instead of one-half that of the 
emery. Those emery stones, which are of medium fineness, cut less quickly but 
more smoothly than the above. 

Flour-emery, when manufactured into artificial stones, requires no uniting sub- 
stance, but the moistened powder is forced into the metal mould and fired ; some 
portions of the alumina being sufficient to unite the whole. These fine wheels render 
the works submitted to them exceedingly smooth, but they do not produce a high 
polish on account of the comparative coarseness of the flour-emery. 

The alumina of emery is believed to be aggregated to the same degree of hardness 
as in corundum or adamantine spar ; which is one of the hardest minerals known. 
Emery is extensively employed for grinding metals, glass, &c. ; for which purpose it 
is reduced to powders of different degrees of fineness by grinding and elutriation. 

EMERALD (Emeraude, Fr. ; Smaragd, Germ.), is a precious stone of a beautiful 
green colour ; valued next to diamond, and in the same rank as oriental ruby and 
sapphire. It occurs in prisms with a regular hexagonal base; sp. grav. 2'7; scratches 
quartz with difficulty ; is scratched by topaz ; fusible at the blowpipe into a frothy 
bead j the precipitate afforded by ammonia, from its solution, is soluble, in a great 
measure, in carbonate of ammonia. Its analysis is given very variously by different 
chemists. It contains about 1 4 per cent, of glueina, which is its characteristic con- 
stituent, along with 68 of sUica, 16 of alumina, a very little lime and iron. The beau- 
tiful emerald of Peru is found in a clay schist mixed with some calcareous matter. A 
stone of 4 grains weight is said to be worth from 4/. to 5l. ■, one of S grains, lOl; one 
of 1 5 grains, being fine, is worth 60?; one of 24 grains fetched, at the sale of M. de 
Dree’s cabinet, 2400 francs, or nearly 100/. 

The beryl is analogous in composition to the emerald, and is employed (when of the 
common opaque kind, found near Limoges) by chemists for procuring the earth 
glueina. 

Fine emeralds are found in a vein of dolomite, which traverses the hornblende 
slate at Muzo, north of Santa Fe de Bogota. A perfect hexagonal crystal from this 
locality, two inches long, is in the cabinet of the Duke of Devonshire j it measures 
across its three diameters 2^ in., 2J in., 1| in., ani weighs 8 oz. 18 dwts : — owing to 
flaws, it is but partially fit for jewellery. A more splendid specimen, though some- 
what smaller, weighing but 6 oz., is in the possession of >Ir. Hope; it cost 500?. 
Emeralds of less beauty, but much larger, occur in Siberia. One specimen in the 
royal collection measures 14^ inches long and 12 broad, and weighs 16J lbs. troy ; 
another is 7 inches long and 4 inches broad, and weighs 6 lbs. troy. — Dana. 

The emerald is generally believed to derive its colour from the presence of a minute 
quantity of oxide of chrome, the beryl from oxide of iron. 

This mineral has been recently examined with great care by M. Lewy, from 
whose communication to the Academy of Sciences we abstract the following : — • 

“ M. I>wy visited a mine called Muzo, in New Granada, Mexico, and obtained some 
fine specimens of emeralds, and of the rocks in which those precious stones are found. 
He observed that the largest and finest emeralds could he reduced to powder by a 
slight squeezing or rubbing between the fingers when first obtained, but that they 
acquired hardness after a certain time and repose. It has been commonly stated 
that the colouring matter of the emerald is chrome, but M. Lewy attributes it to an 
organic colouring matter, analogous to chhrophyh. He states that the emerald "ex- 
posed to heat loses all colour ; whereas minei^s coloured by chrome, do not lose 
their green colour by ignition. His analysis of the Mexican mineral is as fol- 
lows : — 


Silica - 
Alumina 
Glueina 
Magnesia 
Sock - 


67-9 r 
17-9 
12-4 
0-9 
0-7 


The green colour of the emerald is darkest in those specimens which furnish to 
analysis most organ# matter; it is completely destroyed by heat, becoming white 
and opaque. 

EMETINE. Abase constituting the emetie^rinciple in ipecacuanha. — 0. G. W. 
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EMP\ REUMA, means the ofifensive smell produced by fire applied to orffanie 
matters, chiefly vegetable, in close vessels. Thus, empyreumatic vinegar is obtained 
by distilling wood at a red heat, and empyreumatic oil from many animal substances 
in the same way, 

ENAMELS {Emaux, Fr. ; Schmehglas, Germ.) are varieties of glass, generally 
opaque or coloured, always formed by the combination of difierent mptullm oxides 
to which certain fixed fusible salts are added, such as the borates, fiuates, and phos- 


The simplest enamel, and the one which serves as a basis to most of the others is 
Obtanjed by calcining first of all a mixture of lead and tin, in proportions varving 
from 15 to 50 parts of tin for 100 of lead. The middle term appears to be the most 
suitable for the greater number of enamels ; and this alloy has such an affinity for 
oxygen, that it may be calcmed with the greatest case in a flat cast-iron pot, and at a 
temperature not above a cherry red, provided the dose of tin is not too great. The 
oxide is drawn off to the sides of the melted metal, according as it is generated, new 
pieces of the alloy being thrown in from time to time, tUl enough of the powder be 
obtained. Great cpe ought to be taken that no metallic particles be left in the oxide 
and that the calcining heat be as low as is barely sufficient ; for a strong fire frits the 
powder, and obstructs its subsequent comminution. The powder when cold is ground 
in a proper mill, levigated with water, and elutriated. In this state of fluent and 
purity, it is called calcine or flux, and it is mixed with silicions sand and some alka. 
line matter or sea-salt. The most ordinary proportions are, 4 of sand, 1 of sea- 
salt, and 4 of calcine. Chaptal states, that be has obtained a very fine product 
from 100 parts of calcine, made by calcining equal parts of lead and tin, 100 parts 
of ground flint, and 200 parts of pure sub-carbonate of potash. In either case, 
the mixture is put into a crucible, or laid simply on a stratum of sand, quicklime 
spontaneously slacked, or wood-ashes, placed under a pottery or porcelain kiln. This 
mass undergoes a semivitrification, or even a complete fusion on its surface. It is 
this kind of frit which serves as a radical to almost every enamel ; and by varying the 
proportions of the ingredient, more fusible, more opaque, or whiter enamels are ob- 
tained. The first of these qualities depends on the quantity of sand or flux, and the 
other two on that of the tin. 

The sea-salt employed as a flux may be replaced either by salt of tartar, by pure 
potash, or by soda ; but ea6h of these fluxes gives peculiar qualities to the enamel. 

Most authors who have written on the preparation of enamels, insist a great deal on 
the necessity of selecting carefully the particular sand that should enter into the com- 
position of the frit, and they even affirm that the purest is not the most suitable. 
Clouet states, in the 34th volume of4heAa»o/es de Ckimie, that the sand ought to con- 
tain at least 1 part of talc for 3 of silicions matter, otherwise the enamel obtained is 
never very glassy, and that some wrinkled spots from imperfect fusion are seen on its 
surface ; and yet we find it prescribed in some old treatises, to make use of ground flints, 
fritted by means of salt of tartar or some other flux. It would thence appear that the 
presence of talc is .of no use towards the fusibility of the silica, and that its absence 
may be supplied by increasing the dose of ^^e flux. In all cases, however, we ought 
to beware of metallic oxides in the sand, particularly those of iron and manganese, 
which most frequently occur, and always injure the whiteness of the frit. 

The ancients carried the art of enamelling to a very high perfection, and we occa- 
sionally find beautiful specimens of their work. Then, as at present, each artist made 
a mystery of the means that succeeded best with him, and thus a multitude of curious 
processes have been buried with their authors. 

The Venetians are still in possession of the best enamel processes, and they sup- 
ply the French and other nations with the best kinds of enamel, of every colour^ 
shade. 

!^pamels are distinguished into transparent and opaque ; in the former all the ele- 
ments have experienced an equal degree of liquefaction, and are thus run into crystal 
glass, whilst in the others, some of their elements have resisted the action of heat, so 
that their particles prevent the transmission of light This effect is produced par- 
ticularly by the oxide of tin. . 'e* 

The frbs for enamels that are to be applied to metallic surfaces require greater fusi- 
bility, and should therefore contain more flux ; and the sand used for these should be 
calcined beforehand with one-fourth its weight of sea-salt ; sometimes, indeed, metallic 
fluxes are added, as minium or litharge. For some metallic colours, the oxides of lead 
are very injurious, and in this case recourse must be haa to other fluxes. Clouet states 
that he has derived advantage from the following mixtures, as bases for purples, blues, 
and some other delicate colours : — * 

Three parts of silicious sand, one of chalk, and three of calcined borax ; or, three of 
glass (of broken crystal goblets), one f»f calcined borax, one-fourth of a part of nitre, 
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and one part of well>waslied diaphoretic antimony. These compositions afford a very 
white enamel, which accords perfectly well with blue. 

It is obvious that the composition of this primary matter may be greatly varied : 
bat we should never lose sight of the essential quality of a good enamel ; which is, 
to acquire, at a moderate heat, sufficient duidity to take a shining surface, without 
running too thin. It is not complete fusion which is wanted ; but a pasty state, of 
such a degree as may give it, after cooling, the aspect of having suffered coiii|)lete 
liquefaction. 

Dead^white Enamd. — This requires greater nicety in the choice of its materials 
than any other enamel, as it must be free from every species of tint, and be perfectly 
white ; hence the frit employed in this case should be itself composed of perfectly 
pure ingredients. Bat a frit should not be rejected hastily because it may be some- 
what discoloured, since this may depend on two causes ; either on some metallic 
oxides, or on fuliginous particles proceeding from vegetable or animal substances. 
Now the latter impurities may be easily removed by means of a small quantity of 
peroxide of manganese, which has the property of readily parting with a portion of 
its oxygen, and of thus facilitating the combustion, that is to say, the destructirm of 
the colouring carbonaceous matter. Manganese indeed possesses a colouring power 
itself on gla^ but only in its highest state of oxidisement, and when reduced to the 
lower state, as is done by combustible matters, it no longer communicates colour to the 
enamel combinations. Hence the proportion of manganese shoold never be in excess ; 
for the surplus would cause colour. Sometimes, indeed, it becomes necessary to give 
a little manganese-colour, (u«. a pink tint) in order to obtain a more agreeable shade 
of white; as a little azure blue is added to linens, to brighten or counteract the dulness 
of their yellow tint. 

A white enamel may be conveniently prepared also with a calcine composed of 
two parts of tin and one of lead calcined together ; of this combined oxide, one part 
is melted with two parts of fine crystal and a very little manganese, all previously 
ground together. When the fusion is complete, the vitreous matter is to be poured 
into clear water, and the frit is then dri^, and melted anew. The pouring into 
water and fusion are sometimes repeated four times, in order to secure a very uniform 
combination. The crucible mu^t be carefully screened from smoke and dame. The 
smallest portions of oxide of iron or copper admitted into this enamel will destroy its 
value. 

Some practitioners recommend the use of washed diaphoretic antimony (anti- 
moniate of potash, from metallic antimony* and nitre deflagrated together) for white 
enamel; but this product cannot be added to any preparation of lead or other 
metallic oxides ; for it would tend rather to tarnish the colour than to clear it up ; 
and it can be used therefore only with ordinary glass, or with saline fluxes. For 
three parts of white glass (without lead) one part of washed diaphoretic antimony 
is to be taken ; the substances are well ground together, and fused in the common 
way. 

Blue Enamel . — -This fine colour is almost always obtained from the oxide of cobalt 
or some of its combinations, and it produces it with such intensity that only a very 
little can be used, lest the shade should pass into black. The cobalt blue is so rich 
and lively that it predominates in some measure over every other colour, and masks 
many so that they can hardly be perceived ; it is also most easily obtained. To bring 
it out, however, in all its beauty, the other colours must be removed as much as pos- 
sible, and the cobalt itself should be tolerably pure. This metal is associated in the 
best known ores with a considerable number of foreign substance as iron, arsenic, cop- 
per, nickel, and sulphur, and it is difficult to separate them completely; but for enamel 
blues, the oxide of cobalt does not require to be perfectly free all foreign metals; 
the iron, nickel, and copper being most prejudicial, should be carefully eliminated. 
Tills object may be most easily attained by dissolving the ore in nitric acid, evaporating 
this solution to a syrupy consistence, to expel the excess of acid, and separate a portion 
of arsenic. It is now diluted with water, and solution cff carbonate of soda is dropped 
slowly into it with brisk agitation, till the precipitate, which is at first of a whitish 
grayiibegins to turn of a rose-red. Whenever this colour appears, the whole must be 
thrown on afilter, and the liquid which passes through must be treated witlf more of 
the carbonate of soda, in order to obtain the arseniate of cobalt, which is nearly pure. 
Since arsenic acid and its derivatives are not capable of communicating colour them- 
selves, and as they moreover are volatile, they cannot impair the beauty of the blue, and 
hence this preparation affords it in great perfection. 

Metallic fluxes are not the most suitable for this colour ; because they always com- 
municate a tint of gf^ter or less force, which never fails to injure the purity of the 
blue. Nitre is a useful addition, as it keeps the oxide at the maximum of oxidatitm, 
in which state it produces the richest colour, n 
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Yellow Enamel, — There are many processes for making this colour in enamel ; but 
it is somewhat difficult to fix, and it is rarely obtained of an uniform and fine tint. It 
may be produced directly withsome preparations of silver, as the phosphate or sulphate ; 
but this method does not always succeed, 4br too strong a heat or powerful fluxes readily 
destroy it, and nitre is particularly prejudicial. This uncertainty of success with the 
Salts of silver causes them to be seldom employed ; and oxides of lead and antimony are 
theredbre preferred, which afford a fine yellow when combined with some oxides that 
are refractory enough to prevent their complete vitrification. One part of white oxide 
of antimony may be taken with from one to three parts of white lead, one of alum, 
and 'me of sal-ammoniac. Each of these substances is to be pulverised, and then all 
are to be exactly mixed, and exposed to a heat adequate to decompose the sal-ammoniac. 
This operation is judg^ to be finished when the yellow colonr is well brought out. 
There is produced here a combination quite analogous to that known under the name 
of Naples yellow. 

Other shades of yellow may be procured either with the oxide of lead alone, or by 
adding to it a little red oxide of iron ; the tints varying with the proportion of the 
latter. 


Clouet says, in his Memoir on Enamels, that a fine yellow is obtained with pure 
oxide of silver, and that it is merely necessary to spread a thin coal of it on the spot 
to be coloured. The piece is then exposed to a moderate heat, and withdrawn as scon 
as this has reached the proper point. The thin film of metallic silver revived on the 
surface being removed, the place under it will be found tinged of a fine yellow, of 
hardly any thickness. As the pellicle of silver has to be removed which covers the 
colonr, it is requisite to avoid fixing this film with fluxes : and it onght therefore to 
be applied after the fusion of the rest. The yellows require in general bnt little 
alkaline flux, as they answer better with one of a metallic nature. 

Green Enamel. — It is known that a green colour may be produced by a mixture of 
yellow and blue i but recourse is seldom had to this practice for enamels, as they can 
be obtained almost always directly with the oxide of copper; or, still better, with the 
oxide of chrome, which has the advantage of resisting a strong heat 

Chemists describe two oxides of copper, the protoxide of an orange colonr, which 
communicates its colour to enamels, but it is difficult to fix ; the deutoxide is blue in 
the state of hydrate, but blackish -brown when dry, and it colours green all the vitreous 
combinations into which it enters. This oxide requires, at most one or two proportions 
of flux, either saline or metallic, to enter into complete fusion ; but a much smaller 
dose is commonly taken, and a little oxide of iron is introduced. To 4 ponnds of frit 
for instance 2 ounces of oxide of copper and 48 grains of red oxide of iron are used; 
and the ordinary measures are pursued for making very homogeneous enamel. 

The green produced by oxide of chrome is much more solid ; it is not affected by a 
powerful fire, but it is not always of a fine shade. It generally inclines too much to 
the dead-leaf yellow, which depends on the degree of oxygenation rf the chrtmie. 

Red Enamel— yie have just stated, that protoxide of copper afforded a fine colour 
when it could be fixed, a result difficult to obtain on account of the fugitive nature of 
this oxide : slight variations of temperature enabling it to absorb more oxygen. The 
proper point effusion must be seized for taking it from the fire whenever the desired 
colour is brought out Indeed, when a high temperature has produced peroxidisement, 
this may be corrected by adding some combustible matter, as charcoal, tallow, tartar, 
&c. The copper then returns to its minimum of oxidisement, and the red colour which 
had vanished, reappears. It is possible, in this way, and by pushing the heat a little, 
to accomplish the complete reduction of a part of the oxide ; and the particles of metallic 
copper thereby disseminated in a reddish ground, give this enamel the aspect of the 
stone called aventurine. The surest and easiest method of procuring protoxide of 
copper is to boil a solution of equal parts of sugar, and sulphate or rather acetate of 
copper, in four parts of water. The sugar takes possession of a poi^n of the oxygen 
of the enpreons oxide, and reduces it to protoxide ; when it may be precipita^ in 
the form of a granular powder of a brilliant red. After ahoM two hours moderate 
ebullition, the liquid is set aside to settle, decanted off the prec^ntate, which is w^hed 

“Thrifrbtoxide properly employed by itself, furnishes a red which vies with the 
finest eiimine, and by its means every tint may be obtained from red to orange, by 

adding a greater or smaller quantity of peroxide ot iron. , ■ rv 

Thipreparationsof gold, and particularly the oxide qpd pu^le of Cassius, are like- 
wise employed with advantage to colonr enamel r^ and this composiuon reasts a 
powerful fire tolerably well. For some time back, solutions of goldj^silver, and platinam 
W been used with success instead of their oxides ; and m this - .vay, a more mtimatfi 
mixture may be procured, and, consequently, more homogeneons tints. . 

Bbek Enamel — Black enamels aremiade with peroxide of manganese «■ protoxide 
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of iron j to whicli more depth of colour is given with a little cobalt. Clay alone, 
melted with about a third of its weight of protoxide of iron, gives, according to Clouet, 
a fine black enamel. 

Violet Enamel. — The peroxide of manganese in small quantity by itself furnishes, 
with saline or alkaline fluxes, an enamel of a very fine violet hue ; and variations of 
shade are easily had, by modifying the proportions of the elements of the coloured 
frit. The great point is to maintain the manganese in a state of peroxidation^ and, 
consequently, to beware of placing the enamel in contact with any substance attractive 
of oxygen. 

Such are the principal coloured enamels hitherto obtained by means of metallic 
oxides ; but since the number of these oxides is increasing every day, it is to be wished 
the new trials be made with such as have not yet been employed. From such researches 
some interesting results would unquestionably be derived. 

Of painting on Enamel. — Enamelling is only done on gold and copper j for silver 
swells up, and causes blisters and holes in the coat of enameL All enamel paintings 
are, in fact, done on either copper or gold. 

If on gold, the goldsmith prepares the plate that is to be painted upon. The <gold 
should be 22 carats fine : if purer, it would not be snflBciently stiff ; if coarser, it would 
be subject to melt ; and its alloy should be half white and half red, that is, half silver 
and half copper ; whereby the enamel with which it is covered will be less disposed 
to turn green, than if the alloy were entirely copper. 

The workman must reserve for the edge of the plate a small fillet, which he calls the 
border. This ledge serves to retain the enamel, and hinders it from falling oflf when 
applied and pressed on with a spatula. When the plate is not to be counter-enamelled, 
it should be charged with less enamel, as, when exposed to heat, the enamel draws up 
the gold to itself, and makes the piece convex. When the enamel is not to cover the 
whole plate, it becomes necessary to prepare a lodgment for it. W’ith this view, all 
the outlines of the figure are traced on the plate with a black-lead pencil, after which 
recourse is had to the graver. 

The whole space enclosed by the outlines must be hollowed out in bas-relief, of a 
depth equal to the height of the fillet, had the plate been entirely enamelled. This 
sinking of the surface must be done with a fiat graver as equally as possible ; for if 
there an eminence, the enamel would be weaker at that point, and the green would 
appear. Some artists hatch the bottom of the hollow with close lines, which cross each 
other in all directions; and others make lines or scratches with the edges of a file broken 
off square. The hatchings or scratches lay hold of the enamel which might otherwise 
separate from the plate. After this operation, the plate is cleansed by boiling it in 
an alkaline lye, and it is washed first with a little weak vinegar, and &en with clear 
water. 

The plate thus prepared is to he covered with a coat of white enamel, which is done 
by bruising a piece of enamel in an agate or porcelain mortar to a coarse powder like 
sand, washing it well with water, and applying it in the hollow part in its moist state. 
The plate may meanwhile be held in an ordinary forceps. The enamel powder is 
spread with a spatula. For condensing the enamel powder, the edges of the plate are 
struck upon with a spatula. 

Whenever the piece is dry, it is placed on a slip of sheet iron perforated with 
several small holes, see fig. 720, which is laid on hot cinders ; and it is left there 
until it ceases to steam. It must be kept hot till it goes to the fire ; for were it 
allowed to cool it would become necessary to heat it again very gradually at the 
mouth of the furnace of fusion, to prevent the enamel from decrepitating and 
flying off. 

Before describing the manner of exposing the piece to the fire, we must explain 
the construction of the furnace. It is square, and is shown in front elevation in fig. 721. 
It consists of two pieces, the lower part a, or the body of the furnace, and the u^mer 
part B, or the capital, which is laid on the lower part, as is shown in fy. 722, whCTe 
these two parts are separately represented. The furnace is made of good fire-clay, 
moderately baked, and resembles very closely the assay or cnpellation furnace. Its 
insi^ dimensions are 9 inches in width, 13 inches in height in the body, and 9 in 
the capital. Its general thickness is 2 inches. r" 

The capital has an aperture or door, c, fig. 721, which is closed by a fire-brick 
stopper m, when the fire is to be made active. By this door fuel is supplied. 

The body of the furnace h^ likewise a door D, which reaches down to the pro- 
jecting shelf E, called the bib (mentemniere'), whose prominence is seen at ^,fig. 721. 
This shelf is supported and secured by the two brackets, F, r ; the whole being 
earthenware. The Height of the door n, is abridged by a peculiar fire brick o, which 
not only CO . ers the whole projection of the shelf E, but enters within the opening of 
the door d, filling its breadth, and advancing iutir the same plane with the inner surfece 
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of the furnace. This plate is called the hearth ; its purpose will appear presently ; it 
may be taken out and replaced at pleasure, by laying hold of the handle in its front. 

Below the shelf e, a square hole, H, is seen, which serves for admitting air, and for 
extracting the ashes. Similar boles are^lqft upon each side of the surface, as is shown 
in the ground plan of the base, 725) at H. 



On a level with the shelf, in the interior of the furnace, a thin fire-tile I rests, per. 
forated with numerous small holes. This is the grate represented in a ground view 
mfig. 720. Figs. 723, 724, 725, represent, under different aspects, themuffle. Fig. 722 
shows the elevation of its farther end ; fig. 724 its sides ; and fig. 725 its front part. 
At 3, Jig. 722, the muffle is seen in its place in the furnace, resting on two bars of 
iron, or, still better, on ledges of fire-clay, supported on brackets attached to the 
lateral sides of the furnace. The muffle is made of earthenware, and as thin as 
possible. The fuel consists of dry beech-wood, or oaken branches, about an inch in 
diameter, cut to the length ofi nine inches, in order to be laid in horizontal strata 
within the furnace, one row only being placed above the muffle. When the mnffle 
has attained to a white red heat, the sheet iron tray, bearing its enamel plate, 
is to be introduced with a pair of pincers into the front of the muffle, and gradually 
advanced towards its further end. The mouth of the mnffle is to be then closed with 
two pieces of charcoal only, between which the artist may see the progress of file 
operation. Whenever the enamel begins to flow, the tray must be turned round on its 
base to insure equality of temperature ; and as soon as the whole surfspe is melted, the 
tray must hfc withdrawn with its plate, but slowly, lest the vitreous matter be cracked 
by sadden refrigeration. 

The enamel plate, when cold, is to be washed in very dilate nitric acid, and after- 
wards in cold water, and a second coat of granular enamel paste is to be applied, with 
the requisite precautions. This being pass^ through the fire, is to be treated in the 
same way a third time, when the process will be found complete. Should any chinks 
happen to the enamel coat, they must be widened with a graver, and the space being 
filled with ground enamel, is to be repaired in the muffle. The plate, covered with a 
pure white enamel, requires always to be polished and smoothed with sandstone and 
water, particularly if the article have a plane surface ; and it is then finally glazed at 
the fire. 

The painting operation now follows. The artist prepares his enamel colours by 
pounding them in an agate mortar, with a pestle of agate, and grinding them on an 
agate slab, with oil of lavender, rendered viscid by exposure to the sun in a shallow 
vessel, loosely covered with gauze or glass. The grinding of two drachms of enamel 
pigment into an impalpable powder will occupy a labourer a whole day. The 
painter should have alongside of him a stove in which a moderate fire is kept ap.-Tor 
drying his>ork whenever the figures are finished. It is then passed through the 
muffle. 

The following was the process adopted by Henry Bone, R. A., and his son, the late 
Henry Pierce Bone, who have produced the largest .^namels ever painted; and 
beyond the time and consequent expense there appears no practical limit to the size 
of enamel paintings. „ 

Preparing the plate. — For small plates (up to two inches long) pare gold is the best 
material. Silver (quite pure) is also used, but is apt to get a disagreeable yellow 
colour at the edges by repeated firings. '^'or larger sizes, copper is u^ The copper 
Voi. II. , K 
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sliould be annealed until quite free from spring, and then cleaned with dilute sulphuric 
acid (one part acid, four water , and shaped in a wooden mould, afterwards used in 
making the plate so as to produce a convex surface varying according to the size of 
the plate, taking care that the shaping does not reproduce the spring in the copper, 
in which case the process must be repeated. If the plate is not raised in the centre, 
in the course of repeated firings the corners wilt rise irregularly, producing undulations 
over the plate, perfect flatness being next to impossible for large pictures. The 
copper is then laid face downwards on the convex wooden mould used for shaping, 
and enamel ground fine with water is spread over it wdth a small bone spoon ; when 
covered, a fine cloth doubled is pressed gently on it to absorb the water, and ther'it is 
smoothed with a steel spatula. This forms the back of the plate, and when fired this 
part is finished. The copper is now reversed on a convex board the exact counter- 
part of the other, and covered with white enamel ground fine in the same way as 
above. The plate is now ready for firing, and after it has been fired and cooled the 
surface must be ground smooth with a flat piece of flint or other hard substance, with 
silver sand and water. It must next be covered with a softer and more transparent 
kind of enamel called flux, ground and spread on in the same way as the first enamel, 
but this time only on the face of the plate. This is fired as before, and when cool the 
surface must be again ground smooth, and when glazed in the furnace the plate is 
finished. For the first coat a white solid enamel is nsed to prevent the green colour 
from the oxidised copper showing through ; the second coat is a softer enamel, to 
enable the colours used to melt with less heat. 

Firing. — The plate is placed on a planche of firestone, or well baked Stourbridge 
clay, supported on a bed of whiting, thoroughly dried in the furnace, the exact shape 
of the plate as originally made, which must be nsed in all subsequent firings. After 
the whiting is formed in the shape of the plate it should be notched with a flat knife 
diagonally across, as in the accompanying diagram. 
The use of this is to produce an effect of diagonal 
bracing while the plate cools, and experience has 
shown that it tends considerably to keep the plate in 
its original shape. When the plate is small (up to 
three inches in length) it may be annealed for passing 
into the hotmuiSe as follows : — The planche bearing 
the plate may be placed on another planche heated in 
the muffle and placed in the front of the muffle for a few 
minutes, until the steam of the plate or the oil of the 
picture shall have evaporated ; it may then be put in 
the mouth of the muffle and gradually inserted to 
the hottest part. After firing it should be placed on 
another hot planche and allowed to cool gradually. Large pictures require a different 
arrangement of the furnace. Over the muffle there should be a fixed iron annealing 
box, with an iron shelf and door. The bottom should be of cast iron about one inch 
thick. This should be so arranged that when the muffle attains a white heat the 
bottom of the annealing box should be of a brightish red at the back, and a dull 
blood red in front. Large pictures should be placed on the bottom of the box before 
the furnace is lit, and the larger the size of the picture the slower should the furnace 
be broughtto its full heat, so as to allow five or six hours for the largest size, and two or 
three for smaller plates. When fired the picture should be returned to the shelf of the 
annealing box, and left there till quite cold, for which purpose large plates require at 
least twelve hours. The colours used are mostly the same as those prepared for 
jewellers and glass painters. • 

Enamelling at the Lamp . — The art of the lamp enameller is one of the most agree- 
able and amusing that we know. There is hardly a subject in enamel which may 
not be executed by the lamp-fiame in very little time, and more or less per^tly, 
according to the dexterity of the artist, and his acquaintance with the principles 
of modelling. 

In working at the lamp, tubes and rods of glass and enamel must be provided, of 
alfcsizes and colours. 

The enamelling table is represented in fig. 727, round which severa? workmen, 
with their lamps, may be placed while the large double bellows d below is set a-blowing 
by a treadle moved with the foot The flame of the lamp, when thus impelled by a 
powerful jet of air, acquires surprising intensity. The bent nozzles or tubes A, A, A, 
A, are made of glas^ and are drawn to points modified to the purpose of the enameller. 

Fig. 728 shows, in perspective, the lamp A of the enameller standing in its cistern 
B ; the blowpipe <f8s seen projecting its flame obliquely upwards. The blowpipe is 
adjustable in an elastic cork D, which fills up exactly the hole of the table into 
which it enters. When only one person is t^ work at a table provided with several 
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lamps, he sits down at the same side with the pedal of the bellows ; he takes out the 
other blowpipes, and plugs the holes in the table with solid corks. 

The lamp is made of copper or tin plate, the wick of cotton threads, and either 
tallow or oil may be used. Between the lamp and the workman a small board or 
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sheet of white iron B, called the screen, is interposed to protect his ey^es from the 
glare of light. The screen is fastened to the table by a wooden stem, and it throws 
its shadow on his face. 

The enamelling workshop ought to admit little or no daylight, otherwise the artist, 
not perceiving his flame distinctly, would be apt tocommit mistakes. 

It is impossible to describe all the manipulations of this ingenious art, over which 
taste and dexterity so entirely preside. But we may give an example. Suppose the 
enameller wishes to make a swau. He takes a tube of white enamel, seals one of its 
ends hermetically at his lamp, and while the matter is sufficiently hot, he blows on 
it a minikin flask, resembling the body of the bird ; he draws out, and gracefully 
bends the neck ; he shapes the head, the beak, and the tail ; then, with slender 
enamel rods of a proper colour, he makes the eyes ; be next opens up the beak with 
pointed scissors ; he forms the wings and the legs ; finally attaching the toes, the 
bird stands complete. 

The enameller also makes artificial eyes for human beings, imitating so perfectly 
the colours of the sound eye of any individnal as to render it difficult to discover 
that he has a blind and a seeing one. 

It is difficult to make large articles at the blowpipe ; those which surpass 5 or 6 
inches become nearly unmanageable by the most expert workmen. 

Enamelusg or Cast Ibon and other Hoiiow Ware fob Sahcepans, Ac. In 
December, 1799, a patent was obtained for this process by Dr. Samuel Sandy EncUing. 
His specification is subdivided into two parts : — 

1. The coating or lining of iron vessels, Ac., by fusion with a vitrifiable mixture, 
composed of 6 parts of calcined flints, 2 partarf ampotitum or Cornish stone, 9 parts of 
litharge, 6 parts of borax, 1 part of argillaeSSB earth, 1 part of nitre, 6 parts of calx of 
tin. and 1 part of purified potash. Or, 2ndly, 

8 parts of calcined flints, 8 red lead, 6 borax, 5 calx of tin, and 1 of nitre. Or, 3rdly, 

12 of potter’s composition, 8 borax, 10 white lead, 2 nitre, 1 white m.arble calcined, 

1 argillaceous earth, 2 purified potash, and 5 of calx of tin. Or, 4thiy, 

4 parts calcined flint, 1 potter’s composition, 2 nitre, 8 borax, 1 white marble cal- 
cined, I argillaceous earth, and 2 calx of tin. 

Whichever of the abovecompositions is taken, must be finely powdered, mixed, fused, 
the vitreous mass is to be ground when cold, sifted, and levigated with water. It is then 
made into a pap with water or gum water. This pap is smeared or brushed over the 
interior of the vessel, dried and fused with a proper heat in a muffle. 

Calcined bones are also proposed as an ingredient of the flux. 

The fusibility of the vitreous compounds is to vary according to the heat to be 
applied to the vessel, by using various proportions of the silicious and fluxTug 
materials. iColours may be given, and also gilding. 

The second part or process in his specification describes certain alloys of iron and 
nickel, which he casts into vessels, and lines or coats them with copper precipitated 
from its saline solutions. It also describes a mode of giyjpg the precipitated copperan 
enamel surface by acting upon it with bone ashes and zinc with the aid of heat. 

A factory of snch enamelled hollow wares was carried on for some time, but it was 
given up for want of due encouragement 

A patent was granted to Thomas and Charles Clarke on the 25th of May, 1839, to 
a method of enamelling or coating the irternal surfaces of iron pots and saucepans, is 
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such a way as shall prevent the enamel from craclEmg or splitting off from the effects 
of fire. This specification prescribes the vessel to be first cleaned by exposing it to the 
action of dilute sulphuric acid (sensibly sour to the taste) for three or four hours, 
then boiling the vessel in pure water for a short time, and next applying the composition. 
This consists of 100 lbs. of calcined ground flints ; 50 lbs. of borax, calcined, and finely 
ground with the above. That mixture is to be fliscd and gradually cooled. 

40 lbs. weight of the above product is to be taken with 5 lbs. weight of potter’s clay; 
to be ground together in water until the mixture forms a pasty consistent mass, 
which will leave or form a coat on the inner surface of the vessel about one-sixth of an 
inch thick. When this coat is set, by placing the vessel in a warm roQm, the second 
composition is to be applied. This consists of 125 lbs. of white glass (without lead), 
25 lbs. of borax, 20 lbs. of soda (crystals), ajl pulverised together and vitrified by 
fusion, then ground, cooled in water, and dried. To 45 lbs. of that mixture, 1 lb. of 
soda is to be added, the whole mixed together in hot water, and when dry pounded ; 
then sifted finely and evenly over the internal surface of the vessel previously covered 
with the first coating or composition whilst this is still moist. This is the glazing. 
The vessel thus prepared is to be put into a stove, and dried at the temperature of 
212 ° Fahr. It is then heated in a kiln or muffle like that used for glazing china. The 
kiln being brought to its full heat, the vessel is placed first at its mouth to heat it gra- 
dually, and then put into the interior for fusion of the glaze. In practice it has been 
found advantageous also to dust the glaze powder over the fused glaze, and apply a 
second fluxing heat in the oven. The enamel, by this double application, becomes 
much smoother and sounder. 

Messrs. Kenrick, of West Bromwich, having produced in their factory and sent into 
the market some excellent specimens of enamelled saucepans of cast iron, were sued 
by Messrs. Clarke for the invasion of their patent rights ; but after a long litigation 
in Chancery the patentees were nonsuited in the Court of Exchequer. The previous 
process of cleansing with dilute sulphuric acid appeared by the evidence on the trial to 
have been given up by the patentees, and it was also shown by their own principal 
scientific witness that a good enamelled iron saucepan could be made by Hickling’s 
specification. In fact, the formnlse by which a good enamel may be compounded are 
almost innnmerablc ; so that a patent for such a purpose seems to be untenable, or at 
least most easily evaded. Dr. Ore exposed the finely enamelled saucepans of Messrs. 
Kenrick to ve^ severe trials, having fused even chloride of calcium in them, and 
found them to stand the fire very perfectly without chipping or cracking. Such a 
manufacture is one of the greatest improvements recently introduced into domestic 
economy ; such vessels being remarkably clean, salubrious, and adapted to the most 
delicate culinary operations of boiling, stewing, making, of jellies, preserves, &c. 
They are also admirably fitted for preparing pharmaceutical decoctions, and ordinary 
extracts. 

The enamel of these saucepans is quite free from lead, in consequence of the glass 
which enters into its composition being quite free from that metal. In several of the 
saucepans which were at first sent into the market, the enamel was found on analysis 
to contain a notable proportion of oxide of lead. In consequence of the quantity of 
borax and soda in the glaze, this oxide was so readily acted upon by acids that sugar 
of lead was formed by digesting vinegar h} them with a gentle heat. 

Enamelled iron saucepans had been many years ago imported from Germany, 
and sold in London. Dr. Ure bad occasion to analyse their enamel, and found that 
it contained abundance of litharge or oxide of lead. The Prussian government has 
issued an edict prohibiting the use of lead in the enamelling of saucepans, which are so 
extensively manufactured in Peiz, Gleiwitz, &o. Probably the German ware sent to 
England was fabricated for exportation, with an enamel made to flux easily by a dose 
of litharge. 

A suitable oven or muffle for lining or coating metals with enamel may have the 
following dimensions : — 

The outside, 8 feet square, with 14-inch walls; the interior muffle, 4 feet square at 
bottom, rising 6 inches at the sides, and then arched over ; the crown may be 18 inches 
from the floor ; the muffle should be built of fire-brick, 2 J inches thick. Another 
arch is turned over the first one, which second arch is 7 inches wider at »'.he bottom, 
and 4 inches higher at the top. A 9-inch wail under the bottom of the muffle 
at its centre divides the fire-place into two, of 16 inches width each, and 3 feet 
3 inches long. The flame^of the fire plays between the two arches and up through 
a 3-inch flue in front, ana issues from the top of the arch through three holes, 
about 4 inches square. These open into a flue, 10 x 9 inches, which runs into the 
chimney. ** 

The materials for the enamel body (ground flint, potter’s clay, and borax) are first 
mixed together, and then put into a reverberatory furnace, 6 feet 7 inches lon^ by 
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3 feet 4 inches wide, and 12 inches high. The flame from an 18-inch fire-place passes 
over the hearth. The materials are spread orer the floor of the oyen, about 6 inches 
thick, and ignited or fritted for 4 or 5 hoars, until they begin to heave and work like 
yeast, when another coating is put on the top, also 6 inches thick, and fired again, and 
so on the whole day. If it be fired too mnch it becomes hard and too refractory to 
work in the muffles. The glaze is vtbrked in an oven similar to the above. It may 
be composed of about one-half borax and one-half of Cornish stone (partially decom- 
posed granite) in a yellowish powder procured from the potteries. This is fritted for 
10 hours, and then frised into a glass which is ground up for the glaze. 

ENAMELLED IiEATHEB. I,eatber glazed upon one surfece, the so-called 
enamelling composition being in all respects analogous to the ordinary varnishes. In- 
stead of enamelling the grain surfiiee, as is usually done, Mr. Nossiter removes that 
surface by splitting or bn^g, and then produces what is called “ a finish ’’ nj^ the 
surface thus formed, by means of a roller, or glass instrument. The flesh sideof the 
skin may be thus prepared for enamelling; and it is less liable to crack, and the 
enamel to become cloudy on it than the graitfside. See Leatbeb. 

ENCAUSTIC PAINTING. A mode of painting with heated or burnt wax, 
which was practised by the ancients. The wax, when melted, was mixed with as 
much colour, finely powdered, as it could imbibe, and then the mass was spread on 
the wall with a hot spatula. When it became cold the designer cut the lines with a 
cold pointed tool, and other colours were applied and melted into the former. Many 
modifications of the process have been employed- Amongst the modems, the term 
has been improperly given to some cements, which have nothing of an encanstio 


character ahont them. 

ENCAUSTIC TILES. See Tilbs and Tesseit*. 

ENDOGENOUS. See Exogenous. 

ENGRAVING, a word derived from er, in, and ypiipa, to prare or terile, is the 
art of executing designs or devices, upon metal, stones, and other hard substancM. In 
the common acceptation of the woid in the present day, it meMs the execution of 
such works on plates of copper or steel, for the purpose of obtaining from them im- 
pressions in ink or some other coloured fluid. Engraving, in the widest sense of the 
term, is the oldest of the fine ^ ; at least, the Scriptures mention it before My 
reference is made either to paintmg or sculpture. In the Book of Exodus, ch. xxviii, 
V. 29, we read that “ Aaron shall hear the names of the children of Isiael in the 
breast-plate of judgment upon his heart ; ” and again, in the same chapter, Moses is 
commanded to “ make a plate of pure gold, and grave upon it, like the engravings of 
a signet. Holiness to the Lord.” Further on, in the 35th chapter of the same hook, 
Moses speaks of Bezaleeh the son of Uri, as a man “ filled with the spirit of God, in 
wisdom, in understanding, and in knowledge, and in ^1 manner of workmMsUp ; 
and to devise curious works, to work in gold, and in silver, and in brass, ttt w 
catting of stones,” &c. Of him and of Aholiahit is said,—" Them hath be filled^th 
wisdom of heart, to work all manner of work of the en^ver, flm. 4c. These 
extracts wiU suffice to show the antiquity the art of mcumg, or cntting hard 
substances; whether or not it had its ori^ at a period anterior to the time of Moses 
there is no record, but it is not improbable the Israehtes acquired some knowledge 
of the art fi«m the Egyptians during their lengthened captivity, an assumption 
strengthened by the ftet that numerous sj^imens of hieroglyphic engraving, on metal 
plates and on stone, have been discovered in Egypt and brought to this country : 
Uieir dates however, have not, in all eases, been ascertained with certainly. 

It is unnecessary to trace back all that might he written respecting the state of thm 
art among the nations of antiquity in its various applications ; but as an example 
its adoption for a purpose altogether practical, a passage from HCTodMus may be 
adduced. This historian, referring to a period about 500 years before the Chmlian era, 
Aristagoras exhibited to the king of Sparta a tablet, or plate, of hra^ on 
whSsh was inscribed every part of the habitable world, the sms, and foe nvers ; or, 
in other words, Aristagoras, who was a native of Cm^ h^ m hra poraession a 
metailic map. Moreover, as it is intended to limit this notice to foe art of en- 
graving on Wl or copper for printing purposes, we pass oyer those hranche«-«r 
departraenis of the art that reUte to dfe-sinking, seal^ngravmg, and engraving on 
coins thelatter a common process with the ancient Bntons and Saxons, who also, 
according to the opinion of many modern antiquarians, used to ornament their 
weafions of war with designs cat by the graving-tool. 

The transition from all previous methods of engraving; to that which in some degree 
assimilates to what is now practised as foe resuitof the discovery of printing, has been 
thus described by the late Mr. Landseer, who quotes an earlier vwter, Mr- Strutt 
“ Soon after the conquest (though, from other information, I think it must have been 
at the least 250 years ft'om that memorable era) a new species of engraving, eiftirely 
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different from the mingled work of the engraver, goldsmith, and chaser, which had 
preceded it, was introduced into, or invented in, England, of which there is scarcely 
an old country church of any consequence, but affords some curious specimens, and 
England more than an/ other nation in Europe. The brass plates on our old 
sepulchral monuments are executed entirely with the graver, the shadows being 
expre^d by lines or strokes, strengthened in proportion to the required depth of 
shade, and occasionally crossed with other lines a second and, in some instances, a 
third time, precisely in the same manner as a ■feopper plate is engraven that is in- 
tended for producing impressions. These engraved effigies are commonly found on 
those horizontal tombstones which form part of the pavement within the churches^ and 
the feet of the congregation, which kept the lights bright by friction, filled the in- 
cisions with dust, and thus darkened the shades : very neat or exquisite workmanship 
is not therefore exacted ; yet some of them bear no small evidence of the abilities 
of the monks, or other workmen, by whom they were performed.” Impressions, 
technically celled “ rubbings,” are taken from these monumental brasses by antiqua- 
rians, for the purpose of illustrating works in archaeology. The process is simple 
enough ; a sheet, or sheets, as may he required, of white paper, sufficiently large to 
cover the brass tablet, are laid upon it ; these are then rubbed over with a lump of 
“ shoemaker’s heel-hall,” a composition of wax and lamp-black, which leaves on the 
paper an impression of the raised portions of the metal. 

The fifteenth century, which must always be considered as the dawn of universal 
light and knowledge, gave to the world the art of printing, and from this invention 
arose a new era in the art of engraving: the earliest method of printing, both books 
and illustrations, was, as is described under the article Wood Engraving^ from engraved 
blocks or tablets. It seems singular that, though engraving on various metals had 
been practised long before that on wood, no attempt had ever been made to obtain 
impressions from the plates ; like many other important discoveries, this is said to be 
the result of accident. Vasari, the historian of Italian art, says that, in the 5’ear 1460, 
Maso, or Thomaso Finiguerra, a Florentine goldsmith, chanced to let fall a small 
engraved plate, on which, as was customary with engravers, he had rubbed a little 
charcoal and oil, that he might the better see the state of his work, into some melted 
sulphur, and observing that the exact impression of his engraving was left on the 
sulphur, he repeated the experiment, by passing a roller gently over it It was suc- 
cessful, and Finiguerra imparted his discovery to Baldlni, also a goldsmith of Florence, 
by whom it was communicated to others. But the most probable origin of the art of 
printing from metallic plates, is that which is attributed to the early Italian workers 
in nieltoy or inlaid modeling work, an art used for ornamenting table utensils, swords, 
armour, &c. : this art consisted in cutting or engraving the required design on silver, 
and filling up the incisions with a black composition, said to be made of silver and lead, 
which, from its dark colour, was called by the ancients nigellum, abbreviated by the 
Italians into niello; this mixture, when run intothe engraved lines, produced a regular 
effect of chiar-oscuro in the entire work. From these engraved plates or objects, the 
artists in niello^ who were the goldsmiths and silversmiths of that per od, were accus- 
tomed to take impressions, by smoking the metal, and then, after cleaning the smooth 
surface with oil, impressing upon it a piece of damp paper. From such an origin, or 
from some other very similar to it, undoubtedly, came the art of chalcography, or 
plate-printing, and it is equally certain, that the art of engraving with the burin^ or 
as it is now <^ed, “ line engraving,” arose in the workshops of the gold and silver- 
smiths. 

The practice of making paper from rags, without which the former art would have 
proved comparatively useless, had been adopted generally throughout Europe towards 
the end of the fourteenth century, whereby the chief obstacle to printing was removed. 

Not very long after the discovery of plate-printing, the engravers, separating them- 
selves from the manufacturing goldsmiths and chasers, formed thenselves into a dis- 
tinct body, opened schools for pupils, and took up their rightful position among the 
artists of the time. 

Italy and Germany have each contended for the honour of being the first discoverers 
o^e art of printing from engraved plates, but the best authorities give to the former 
country the priority of claim, though the Germans, to whom the printings press was 
earliest known, soon surpassed their rivals, both in that art and in engraving : but they 
have not always maintained the superiority. 

The principal Italian en^avers, contemporary with, or immediately following Fini- 
guerra, were Baldini, Botticelli, and Andrew Mantegna ; in Germany, the names of 
Martin Schon, who began his career about the year 1460, and engraved his own com- 
positions, Israel Mechelu, Leydenwurf, and Wolgemup, stand prominently forward; 

but it was not till the commencement of the sixteenth century, that engraving occupied 
a high position among the arts of either country. Singularly enough, Italy, Germany, 
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and Holland, produced each an engraver, whose works to this day are held in the 
highest estimation ; while Marc Antonio Raimondi (bom at Bologna, in 1488), and 
Albert Durer (born at Nuremberg, in 1471), were respectively practising the art in 
Italy and Germany, Lucas Van Leyden (bom at Leyden, in 1494) disputed in the 
Low Countries the palm with these distinguished competitors. As these artists have 
ever been considered the patriarchs of engraving, a few words respecting the merits of 
each may not inappropriately be introduced here. 

Travelling to Venice for improv«ment, Marc Antonio saw there some prints, by 
Albert Durer, of the life of the Virgin ; these he copied with tolerable fidelity ; he soon, 
hoover, quitted Venice, and went to Rome, where he made the acquaintance of 
Ratfaelle, a large number of whose works he engraved. “ The purity of his ontlinesi,” 
says Bryan, “ the beautiful character and expression of his heads, and the correct 
drawing of the extremities, establish his merits as a perfect master of design.” His 
works frequently exhibit a deficiency in reflex light and harmonjt'trf chiar-oscuro, and 
he appears to have been ignorant of the principles of rendering local colour, or tints, 
in the abstract ; neither did he attempt, or else was unable, to express the various 
textures of substances : these are, however, minor defects by comparison, and may 
easily be excused when the state of art generally at that period is taken into account. 
“ Raffaelle,” says Landseer, “ was Marc Antonio’s object ; and the blandishments, the 
splendour, and the variety which would have been indispensably necessary to the 
translation of Correggio or Titian, were not called for here.” 

Albert Durer, the head of the German school of engraving, laboured under disad- 
vantages with which the artists of Italy had not to' contend : the latter had frequently, 
if not constantly, the graceful forms and flowing ontlines of antique scnlpture made 
familiar to them ; and hence their works exhibit, even from the earliest time, much 
greater elegance of manner, and refinement in execution, than those of Germany. 
The engravings by Durer, whom Landseer supposes to be the first who corroded bus 
plates with aqua-furtis, partake largely of the stiff, dry, and gothic manner, peculiar 
to the country and the period, and which to this day is more or less discernible in 
German art. If Durer had been so fortunate as to have had the pictures of RafBielle 
to engrave, he would doubtless have left the world prints of a very different character 
than those we now see : we should have had more grace of expression, and fr^om 
of lines, but less originality in the style of execution, and, probably, less vigour. 
Durer engraved only his own designs, and his faults or defects were those of bis 
time : but, notwithstanding his Gothic bondage, nothing that has ever appeared in 
more recent periods, surpasses, in executive excellence, his “ St Jerome seated in a 
Roomj” here all the objects are rendered with a fidelity, that only the camera could 
emulate. That very remarkable and mysterious composition known as “ The Death’s 
Head,” is also a masterly example of execution : the helmet with all its pomp of 
heraldic appendage, and the actual and reflex lights on its polished surface, are 
characteristically, though minutely, expressed : the skull is accurately drawn, and 
its bony substance unmistakably described. The head of the Satyr, with its beard 
and wild redundance of snaky tangled hair, has considerable and well-managed 
breadth of light and shade : the drapery of the female, quaint as it is in style, is not, 
as we see it in Durer’s other works, hard,^stilr, and formal, but relaxes into freedom 
and simplicity, and has quite a silky teXtnse ; in fact, it approaches very nearly to 
what we now call “ picturesque composifion of forms, and light and shade.” Durer’s 
etching appears to have been bitten in, or corroded with the acid, at once. He seems 
either not to have known, or did not care to practise, the process now adopted, of 
“ stopping out,” for the purpose of producing gradation of shade. The admirable 
wood engravings by this artist are referred to in their proper place. 

The works of Van Leyden, the Dutchman, are even more gothic in taste and style 
than those of Durer, with whom he is said to have been intimately acquainted: they 
exhibit the same amount or degree of stiff, angular drapery; as much, perhaps 
evSh more, inattention to grace and dignity of form, without his fertile imagination, 
his occasional vigour, and his truthful observation of individual nature. His execution 
is neat and clearly defined, but his plates are deficient in firmness and harmonious 
effect, and his lines are without variation in substance; those that represent -isear 
objects, and those that express objects at a distance, arc equally fine and delicate ; hence 
the monotony apparent m his prints. They are almost entirely sacred or legendary 
subjects fromhis own designs; among the finest are “ The Temptation of St. Anthony,” 
engraved in 1509, when he was only thirteen years of age ; ” The Crucifixion,” and 
the “ Adoration of the Magi.” * 

It would be bevond the province of this notice to record the progress of the art 
through the continental schools tiU it took root in England ; yet m short history of its 
introduction and growth on our soil, may not be considered out of place. 

UntU the middle of the last centujy, neither painting nor engraving had attained 
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any eminence in ttis country ; the latter art, especially, was practised chiefly by 
foreigners, as Hollar, Simon, Vaillant, Blooteling, &c. ; previously to whom we had, 
of our own countrymen, Faithorne, an admirable engraver of portraits, Payne, White, 
and one or two others of inferior merit ; but, with the exception of Faithorne, none 
whose works are now held in much esteem. The encouragement afforded by George 
HI., almost as soon as he ascended the throne, to the fine arts generally, and the 
establishment of the Royal Academy, which offered to artists a position in the country 
they had never before held, gave an impulse to every section, or branch, of art pro- 
fessors. Hogarth’s name had, however, become widely known many years before : 
his numerous plates, all of them from his own designs, are to this day much songht 
after, not so much, perhaps, for any especial excellence as examples of fine engrav- 
ings, as for the talent and genius which the subjects display. “ Hogarth composed 
comedies as much as Moliere,” was the remark of Walpole : he died just as art was 
beginning to he r^ognised and patronised in England. Francis Vivares, a French- 
man by birth, but long settled in England, where he studied the art under Chatelain, 
carried landscape-engraving to a high point of excellence ; some of his prints after 
pictures by Claude and Gaspar Poussin, exhibit remarkable freedom in the foliage 
of the trees, and truth in the texture of the various objects introduced in the 
landscape. Woollett, born at Maidstone, in Kent, who died in 1785 ; and Sir 
Robert Strange, a native of one of the Orkney islands, who died in 1792, ad- 
vanced the art still further ; indeed, it is a question whether engraving has ever 
found more able exponents than these two distinguished men : the latter engraved 
several portraits, which have rarely been surpassed at any period in the history of 
art. The works of both these engravers are characterised by bold and vigorous 
execution, produced by the combined use of the etching-needle and the graver. 
Cotemporary with these, or their immediate successors, were Browne, who some- 
times worked with Woollett, Bartolozzi, Hall, Rooker, Green, Ryland, Watts, Sharp, 
Me Ardell, Smith, Earlom, &c. ; all aided, by tbeir proficiency, to uphold the honour 
of the art ; while John Landseer, father of the living painters, Raimbach, Engleheart, 
Pye, and John Burnet, — the last two yet with us, ^ may be regarded as the chief 
connecting links between the past generation and the present. 

Engraving on metal plates may be classed under the following heads : Etching^ 
line, tae7zotinto, chalk, stipple, and aquatint. Before describing the processes of work- 
ing these respective kinds, a notice of the instruments used by the engraver is neces- 
sary. These, with some modifications, are employed in all the styles. 

The etehing-point, or needle, is a stout piece of steel-wire inserted into a handle ; two 
or three, varj'ing in thickness, are requisite, and they should be frequently and care- 
fully sharpened. This is best done by turning the needle round in the fingers while 
rubbing it on a hone, and afterwards on a leather strop prepared with putty powder, 
or on an ordinary razor-strop, to take off any roughness, and to make it perfectly 
round. 

The dry’point is a similar instrument, used for delicate lines: it must be sharpened 
on the hone till a fine conical point is obtained. 

The graver, or burin, is the principal instrument employed in engraving : several 
are required, differing from each other in form, from the extreme lozenge shape to the 
square; the former being used. for cutting fine lines, the latter for broad: the graver 
fits into a handle about fire inches and a half long, and it should be well-tempered 
before using^ an operation requiring great care. The angle at the meeting of the two 
lower sides is call^ the beUg, and the breadth of the end, the face. To sharpen the 
former, lay one of the flat sides of the graver on the oilstone, keeping the right arm 
tolerably close to the side, and rub it firmly ; next rub the other in the same way : 
the face is sharpened by holding it firmly in the hand, with the belly upwards, in a 
slanting direction ; rub the end rather gently on the stone, at an angle of about forty - 
five degrees, taking care to carry it evenly along until it acquires a very sharp point: 
this being done, hold the engraver a little more upright to square the point, whi^ a 
very few rubbings will effect. The graver for line work must be slightly turned up, 
to enable the engraver to run it along the plate ; otherwise the first indentation he 
msices on the metal would cause his instrument to become fixed : the graver for 
stipple should be slightly turned down, to make dots only. m 

I’he scraper, which should have three fluted sides, is used for taking off the burr 
left by the action of the needles on the metal. 

The burnisher is employed to soften lines that have been bitten in, or engraved too 
dark, and to polish the platepor get rid of any scratches it may accidentally have 
received. 

The dabber usedt^o lay the etching -ground evenly, is made by enclosing a small 
quantity of fine cotton wool very tightly in a piece of silk, the threads of which 
should be, as much as possible, of uniform thicj^ncss. 



ENGEAVING. 137 

There are a few other materials which an engraver should have at hand, hut they 
are not ot sufficient importance to be mentioned here j we may, however, point out 
wnm IS technically called a bridge, which is nothing more than a thin board for the 
nand to rest on ; it should be smoothly planed, and of a length and breadth in pro- 
portion to the size of the plate; at each end a small piece of wood should be fastened 
. covered with wax. A WiAd, made of tissue-paper 

stretched upon a frame, ought to be placed between the plate and the Ught, to enable 
the engraver to see his work on theaietal with greater facility and clearness. 

In describing the processes of engraving the various styles enumerated above, little 
more^han a general outline of each method can be given, yet sufficient, it may be 
presumed, to show the nature of the operation : to narrate all the details that might 
be meluded in the subject would supply matter enough for a small volume. 

Etching may be classed under two heads ; that which is made the initiatory process 
in Ime-engraving, and that which is known as painter’ e-etehing : ths latter was prae- 
^sed to some extent by very many of the old painters, particularly those of the 
Dutch school J and it has also recently come into ffishion with many of the artists of 
our own day, but more for amusement, however, than for any other purpose ; in 
both cases the method of proceeding is alike. Etching is the result of a chemical 
process resulting in corrosion of the metal on which the design has been laid down, 
or transferred, in the following manner. The plate must first be covered wilh a sub- 
stance already spoken of as etching- ground, which may be purchased of most of the 
principal artists’ colonrmen, but many engraver*, make their own : the annexed 
receipt has been handed to us by Mr. C. W. Sharpe, who has engraved some of die 
largest steel-plates pub^hed recently, as that which he always uses : 


Black pitch ---.-...-i 
White wax ---......i 

Burgundy pitch - -- 

Asphaltum -.--...•-i 
Gum mastic ---..--.-i 


Melt the first three ingredients over a slow fire in a pipkin, then add the other two 
finely powdered, stirring the whole together all the time ; when well mixed, pour it 
into warm water, and make it up, while warm, into balls ; if too soft, a little less wax 
should be used. Care must be taken not to let the mixture burn during the process 
of making. 

The etching. ground resists the action of the aqua-fortis. It should be tied up in a 
piece of strong silk, and applied thus, which is called laying the ground : — Take the 
plate firmly in a small hand vice ; hold it, with the polished face upwards, over a 
charcoal fire that it may not get smoked, till it is well, but not too much, heated; mb 
the etching-ground, in the silk, over the plate till it is evenly covered j the wax, 
melting with the heat, oozes through the silk. To eflfect a more equal distribution 
of the ground, take the dabber and dab the plate gently all over, till it appears of an 
uniform colour ; continue the dabbing till the plate begins to cool, but not longer. 
The ground is then blackened by being held over the smoke of a candle, or two or 
three tied together, — wax is fiir preferable io tallow ; keep the plate in motion, so 
that every part be made equally dark, and klso to avoid injury, by burning, to the 
composition ; when cold the plate is ready to receive the design. To transfer this, a 
very correct ontline of the subject is made with a black-lead pencil on a piece of thin 
hard paper: fitsten the tracing, or drawing, at the top edge, with its face downwards, 
on to the etching-ground, with a piece of banking-wax, described hereafter, and by 
passing it through a printing-press — such as is used by plate printers, to whom it 
should be taken — the drawing is transferred to the ground. The bridge being laid 
over the plate, the process of etching may now be commenced ; the points, or needles, 
which are used to complete the design, remove the ground from the metal wherever 
they pass, and expose the latter to the action of the acid during the process of what 
is termed biting in. The needles with the most tapering points should be used for the 
skies and distances, chanpng them for others for the foreground, which generally re- 
quires broader and deeper lines. Any error that has been made may be remedied 
covering the part evenly with the etching-ground mollified by spirits of turpentine, 
using a camel’s-hair pencil for the purpose ; and, when dry, the lines may be re- 
etched through it. 

The next operation is that of biting in, performed thus : — A wall or border of bank- 
ing-wax is put round the edge of the plate ; this wax, called sometimes bordering wax, 
is made by melting over a slow fire, in a glazed pot, two parts of Burgundy pitch, and 
one of bees- wax, to which is added when melted, a gill of sweet if5 ; when cold it is 
quite hard, but by immersion in warm water it becomes soft and ductile, and must be 
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applied in this state ; it will adhere to the metal by being firmly pressed down with 
the hand ; the object in thus banking np the plate is to prevent the escape of the 
acid which is to be applied ; but a spout or gutter must be left at one corner to pour 
off the liquid when necessary. Mr. Fielding, — to whose work on the art of engraving 
we are indebted for some of the practical hints here adduced, availing ourselves, 
however, of the improvements introduced into modern practice, — recommends the 
following mixture as the best; — “ Procure some strong nitrous acid, and then mix, in 
a wide mouthed bottle one part of the acid, with five parts of water, adding to it a 
small quantity of sal ammoniac, in the proportion of the size of a hazel-nut to one 
pint of acid, when mixed for biting. The advantage of using the sal ammoniac is, 
that it has the peculiar property of causing the aqua fortis to bite more directly down- 
wards, and less laterally, by which means lines laid very closely together are less 
liable to run into each other, nor docs the ground so readily break up.” When the 
mixture is cool — for the acid becomes warm when first mixed with water — pour it 
on the plate, and let it continue there till the more delicate lines are presumed to be 
corroded to a sufficient depth; this will probably be in about a quarter of an hour ; 
sweep off the bubbles as they appear on the plate with a camei’s-hair pencil, or a 
feather; then pour off the acid through the gutter at the corner, wash the plate with 
warm water, and leave it to dry. Next, cover those parts which are sufficiently 
bitten in with Brunswick black, applying it with a camel's-hair pencil, and leave it to 
dry ; again put on the acid, and let it remain twenty minutes or half an hour, to give 
the next degree of depth required ; and repeat this process of stopping out and biting 
in, until the requisite depths are all attained: three bitmgs are generally enough for a 
painter's etching. The work is now complete, unless the graver is to be used upon it, 
and the banking-wax may be removed, by slightly warming the margin of the plate ; 
and, finally, wash the latter with a soft rag dipped in spirits of turpentine, and 
rubbing it with olive oil. If, when the plate is cleaned, the engraver finds that the 
acid has acted as he wishes, he has secured what is technically termed “ a good 
bite.” 

Steel plates r^uire another method of bitmg-in, on account of their extreme hard- 
ness, and liability to rust ; the mode just described is applicable only to copper, 
the metal generally used by painters for their etchings. For steel plates mix 


together 

Parts 

Pyroligneous acid 

Nitric acid --i 

Water -..-......3 


This mixture should not be allowed to remain on above a minute ; let it be washed 
off at once, and never use the same water twice ; the plate must be set up on its ed^e, 
and dried as quickly as possible to avoid rust: the acid may be strengthened where 
a stronger tint is required. 

Hebitmg, a process frequently adopted to increase the depth of tint where it is re- 
quired, or to repair any portion of a plate that has been worn by printing or acci- 
dentally injured, is thus performed. The plate must be thoroughly cleaned, all traces 
of grease removed, by washing it with spirits of turpentine and potass, and polished 
with whitening ; it is then, when warmed over a charcoal fire or with lighted 
paper, ready for receiving the ground; this is laid by using a dabber charged with 
etching-ground, and carefully dabbing the surface ; by this means the surface of the 
plate only is covered, and the lines already engraved are left clear ; any part of the 
plate that it may not be necessary to reb'de, must be stopped out with Brunswick black, 
and then the acid may be poured over the whole, as in the first process. 

Etching on soft ground is a style of envying formerly much praetised in imitation 
of chalk or pencil drawings; since the introduction of lithography, however, it has 
been entirely abandoned. The soft ground is made by adding one part of ho’gi lard 
to three parts of common, or hard, etching-ground, unless the weather be very warm, 
when a smaller quantity of lard will suffice ; it should be laid on and smoked in the 
manner already described. Mr. Fielding gives the following method for working on 
^ “ Draw the outline of your subject faintly on a piece of smooth thin writing 
paper, which must be at least an inch larger every way than the plate ; t^.en damp it, 
and sprrad it cautiously on the ground, and turning the edges over, paste down to the 
back of the plate ; in a few hours the paper will be dry, and stretched quite smooth. 
Kcsting your n^d on the bridge, take an H or HB pencil, and draw your subject on 
the paper exactly as yon wish it to be, pressing strongly for the darker touches, and 
more l]ghtly for delicate parts, and, accordingly as you find the ground more or 
le^ soft, which Spends on the heat of the weather or the room you work in, use a 
softer or harder pencil, remembering always that the softer the ground the softer the 
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pencil ” (should he). ** When the drawing is finished, lift up the paper carefully from 
the plate, and wherever you have touched with the pencil, the ground will stick to 
the paper, leaving the copper more or less exposed. A wall is then put round the 
margin, the plate bit in, and if too feeble, rebit in the same way as a common etching, 
using hard etching^ground for the rehite.” 

Line engratdng unquestionably occupies the highest place in the category of the art ; 
and, taking it as a whole, it is the most suitable for representing the various objects 
that constitute a picture. The soft, pulpy, and luminous character of flesh ; the rigid, 
hard, and metallic character of armour ; the graceful folds and undulations of draperies, 
the ti^ittering, unsteady, and luxuriant foliage of trees, with the bright yet deep-toned 
colour of skies, have by this mode, when practised by the best engravers, been more 
successfully rendered than by any other. The process of line-engraving is, first, to 
etch the plate in the manner already described, and afterwards to finish it with the 
graver and dry point An engraver's etching differs from a painter's etching in that 
every part of the work has an unfinished appearance, though many engraven, espe- 
cially of landscapes, carry their etchings so far as to make them very effective : 
engravers of historical and other figure subjects, generally, do little more than etch 
the outlines, and the broad shadowed masses, or colours, of the draperies ; the flesh 
being entirely worked in with the buriny or graver : no definite rules can be laid 
down as to the extent to which the etching should be advanced ere the work of the 
tool commences, as scarcely two engravers adopt the same plan precisely : mnch 
must always depend on the nature of the subject. Neither would it be possible to 
point out in what particular way the graver should be used in the representation of 
any particular object : this can only be learned in the studio of the master, or by 
studying the works of the best engravers ; as a rule it may be simply stated, that in 
making the incision, or line, the graver is poshed forward in the direction required, 
and should be held by the handle, at an angle very slightly inclined to the plane of the 
steel or copper plate : the action of the graver is to cut the metal clean out. 

Within the last few years an instrument, called a ruling muckinCy has been brought 
into use for lading in flat tints iu skies, buildings, and objects requiring straight, or 
slightly curved lines : considerable time is saved to the artist by its use, and more 
even tints are produced than the most skilful hand-work, generally, is able to effect; 
but to counterbalance these advantages, freedom is frequently sacrificed, and in 
printing a large number of impressions, the machine^work, unless very skilfully 
ruled in, is apt to wear, or to become clogged with ink, sooner than that which is 
graved. 

Mezzotinto engraving is generally supposed to owe its origin to Colonel Ludwig von 
Siegen, an ofiicer in the service of the Landgrave of Hesse ; there is extant a jwrtrait 
by him, in this style, of Amelia, princess of Hesse, dated 1643. Von Siegen is said 
to have communicated his invention to Prince Rupert, to whom many writers have 
assigned the credit of originating it : there are several plates executed by the Prince 
still in existence. It differs from every other style of engraving, hpth in execution 
and in the appearance of the impression which the plate yields : a mexzotint engraving 
resembles a drawing done in washes of colour, by means of a camel’s-hair pencil, 
rather than a work executed with any sharp pointfd instrument : but a pure mezzo- 
tint engraving is rarely produced in the present day, even for portraits ; the advan- 
tages derived from combining line and stipple, of which we shall speak presently, 
with it, to express the different kinds of texture in objects, have been rendered so 
obvious as almost to make them necessary • this combination is termed the ntiitd 
style. The distinguishing excellences of mezzotint are the rich depth of its shadows, 
an exquisite softness, and the harmonious blending of light and shade *. on the other 
hand, its great defect is the extreme coldness of the high lights, especially where they 
occur in broad masses. 

The instruments used for this kind of work are, hurnishersy scraperSy shading tools^ 
rouJSHeSy and a cradle, or rocking tool. The burnisher and scraper differ in form from 
those already described : the roulette is used to darken any part which may have been 
scraped away too much ; it ought to he of different sizes : the cradle is of the same 
form as the shading tool, and is used for the jmrpose of laying grounds 

The operation of engraving in mezzotint is precisely the opposite of that adopted 
in all other styles : the processes in the latter are from light to dark, in the former 
from dark to hghty and is thus effected, A plate of steel or copper is indented all 
its face by the cradUy an instrument which somewhat resembles a chisel with ^toothed 
or serrated edge, by which a burr is raised on every part in such quantities that if 
filled in with ink, and printed, the impression would exhibit a uniform mass of deep 
black : this operation is called laying ihe ground; it is performed blocking the cradle 
to and fro, and the directions, or xoaySf as the engravers call them, are detenmnedj^ 
a plan, or scale, that enables the engra^r to pass over the plate in almost any nnasoetP 
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of directiong withont repeating any one of them. When an outline of the subject 
has been first etched in the ordinary way before the ground is laid, the engraver pro- 
ceeds to scrape away, and then burnish the highest lights, after which the next lightest 
parts are similarly treated, and the process is repeated after this manner till the work 
is finished ; the deepest shades are produced from the ground that is left untouched. 
There is, however, no style of engraving for the execution of which it is so difficult 
to lay down any definite rules, for almost every engraver has his own method of 
working. 

Chalk or stipple engraving, for the terms are synonymous, is extremely simple. 
The plate has first to be covered with the etching ground, and the subject tranjferred 
to it in the ordinary way : the outline is then laid in by means of small dots made 
with the stipple graver ; all the darker parts are afterwards etched in dots larger and 
laid closer together. The work is then bitten in with the acid j and the ground being 
taken off, the stipple graver must again be taken up to complete the operation ; the 
light parts and the dark are respectively produced by small and large dots laid in 
more or less closely together. Stipple is well adapted for, and is often used in, the 
representation of flesh, when all the other parts of the subject are executed in line : 
hence it is very frequently employed in portraiture, and in engravings from sculpture. 
Chalk engraving is simply the imitation of drawings in chalk, and is executed like stipple, 
only that the dots are made with less regularity, and less uniformity of size ; in the 
present day, the two terms are generally considered as expressing the same kind of 
work. 

Aquatint engraving, which represents a drawing in Indian-ink or bistre even more 
than does mezzotint, has been almost entirely superseded by lithography, and still 
more recently by chromo-lithography ; and there seems little probability that it will 
ever come into fashion again. This being the case, and ns any detailed description 
of the mode of working would, to be of any service, occupy a very considerable space, 
it will, doubtless, be deemed sufficient to give only a brief outline of its character and 
of the mode of operation; this we abbreviate from the notice of Mr. Fielding, for- 
merly one of onr most able engravers in aquatint. The process consists in pouring 
over a highly polished copper plate a liquid composed of resinous gum, dissolved in 
spirits of wine, which latter, evaporating, leaves the resin spread all over the plate in 
minute grains that resist the action of the aquafortis, which, however, corrodes the bare 
surface of the copper that is left between them : this granulated surface is called a ground. 
The ground havi^ been obtained, the margin of the plate should be varnished over, 
or stopped out, and, when dry, the subject to be aquatinted must be transferred to the 
plate, either by tracing or drawing with a soft black-lead pencil, which may be used 
on the ^ound with nearly the same facility as paper; if the former method be adopted 
the tracing must be carefully fastened down to the copper by bits of wax along the 
upper edge. A piece of thin paper, covered on one side with lamp-black and sweet 
oil, is placed between the tracing and the ground, with the coloured side downwards, 
and every line of the subject must be passed over with the tracing point, using a 
moderate pressure. The tracing being finished and the paper removed, a wall of 
prepared wax, about three quarters of an inch high, must be put round the plate, 
with a large spout at one corner, to allow of the acid running off. 

Tim plate is now ready for use ; and the completion of the design-is commenced by 
stopping out the highest lighte on the edges of clouds, water, &c., with a mixture of 
oxide of bismuth and turpentine varnish, diluting it with spirits of turpentine till of a 
proper consistence to work fteely. Next pour on the acid, composed of one part of 
strong nitrons acid and five parts of water ; let it remain, according to its strength, 
from half a minute to a minute, then let it run off, wash the plate two or three times 
with clean water, and dry it carefully with a linen cloth. This process of stopping 
out and biting in is continued till the work is complete ; each time the aquafortis is 
applied a fresh tint is produced, and as each part successively becomes dark enough 
it is stopped out ; in this manner a plate is often finished with one ground biWen in 
ten or twelve times. We would recommend those who may desire to become thoroughly 
acquainted with this very interesting yet difficult mode of engraving to consult Field- 
ijl^g’s Art of Engraving. 

A few remarks explanatory of the method of printing steel or copper plates seem to be 
inseparable ft-om the subject. The press used for the purpose consists of t^o cylinders 
m rollers of w^ supported in a strong wooden frame, and movable at their axes. 
One of these rollers is placed just above, and the other immediately below, the plane 
or table upon which the plate to be printed is laid. The upper roller is turned round by 
means of cogged wheels fixed to its axis. The plate being inked by a printer’s inking- 
itiller, im operatiqi^ requirmg great care, the paper which is intended to receive the 
impression is placed upon it, and covered with two or three folds of soft wooUen stuff 
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like l)Iank€ting. These are moved along the table to the spot ^here the two rollers 
meet ; and the upper one being turned by the handle fixed to the fly-wheel, the plate 
passes through it, conveying the impression as it moves ; the print is then taken off 
the plate, which has to undergo the same process of inking for the next and every 
succeeding impression. The proofs of an engraved plate are always taken by the 
most skilful workmen in a printing establishment ; in the principal houses there are 
generally employed from two to six men, according to the amount of business trans* 
acted, whose duty it is to print proof impressions only; they are called provers. A care- 
ful, steady workman is not able to print more than from 180 to 200 good ordinary 
impr^sionsfrom a plate, the snbject of which occupies about seven inches by ten inches, 
even in what is considered a long day’s work, thatis,aboutfourteenhours; theprover, 
from the extreme care required in inking the plate, and from the extra time occupied in 
wiping it, and preparing the India-paper, will do from thirty to forty, according as the 
subject of the plate is light or heavy. This difference in the cost of production, taking 
also into account that the proofs are worked off before the plate has become worn, 
even in the least degree, and that very few proofs, compared with the ordinary prints, 
are generally struck off, is the reason why they are sold at a priceso much greater than 
the latter. 

Notwithstanding the vast multiplication of engravings within the last few years, it 
is generally admitted, by those best acquainted with the present state of the art, that 
it is not in a healthy condition. The highest class of pictorial subjects — ^history, and 
the highest style of engraving — line, have given place to subjects of less exalted cha> 
racter, and to a mixed style of work, which, however effective for its especial purpose) 
is not pure art The pictures by Sir E. Landseer have gained for engravings of such 
subjects a popularity that has driven almost everything else out of the field, and have 
created a taste in the public which is scarcely a matter of national congratulation. We 
have engravers in the country capable of executing works eqnal to whatever has been 
produced elsewhere at any time, but their talents are not called into requisition in such a 
way as to exhibit the art of engraving in its highest qualities. Publishers are not 
willing to risk their capital on works which the public cannot appreciate, and hence 
their windows are filled with prints, the subjects of which, however pleasing and 
popular, are not of a kind to elevate the taste ; while the conditions under which en- 
gravers generally are compelled to work, offer but little inducement for the exercise 
of the powers at their command. Engraving on copper is in the present day but rarely 
attempted ; formerly nothing else was thought of ; now the demand for engraving is 
so great that copper, even aided by the electrotype, is insufficient to meet its require- 
ments. In consequence of the comparatively small number of impressions which it 
yields, a copper-plate will seldom produce more than 500 or 600 good prints ; we have 
known a steel, with occasionally retouching, produce more than 30,000, when well 
engraved, and carefully printed ; very much depends on the printer, both with regard 
to the excellence of the impression and the durability of the plate. The public demand 
is for prints both large and cheap, and to obtain this result, the Engraver is too often 
obliged to sacrifice those qualities of his art which under other circumstances his wcwk 
would exhibit Such is the state of engraving with us now. There are few, even 
the best artists we have, who by their utmost efforts can earn an income equal to 
that of a tradesman in a small but respectable way of business. This is an evil to be 
deplored, for it assists to deteriorate the art by forcing the engraver to labour hard for 
a maintenance, instead of placing him in a position that would enable him to exalt the 
art and his own reputation at the same time. 

Aprocess of depositing steel upon an engraved copper-plate has recently been brought 
over to this country from France. M. Joubert, a French engraver long settled in 
England, has introduced it here ; he has informed us that a copper-plate thus covered 
may be made to yield almost any number of impressions, for as the steel coating be- 
comes worn it can be entirely taken off, and a new deposit laid on without injury to the 
eng^ving, and this may be done several times; M. Joubert has repeated the experi- 
ment with the most satisfactory results. He thus describes bis process in a commu- 
nication made to the Society of Arts, and printed in their journal : — 

“If the two wires of a galvanic battery be plunged separately into a solution^f * 
iron, having ammonia for its basis, the wire of the positive pole is immediately acted i 
upon, while that of the negative pole receives a deposit of the metal of the solution — \ 

this is the principle of the process which we have named “acierage.” 

“ The operation takes place in this way : — By placing at the positive pole a plate or j 
sheet of iron, and immersing it in a proper iron solution, the metal will be dissolved 
under the action of the battery, and will form an hydrochlorate-of iron, which, being 
combined wilh the hydrochlorate of ammonia of the solution, wi^l become a bichlo- 
ride of ammonia and iron; on a copper plate being placed at the opposite pole and 



142 


ENGEAVING. 


likewise immersed, if the solution be properly saturaftd, a deposit of iron, bright and 
perfectly smooth, is thrown upon the copper-plate, from this principle : — 

“ Water being composed of hydrogen and oxygen ; 

“ Sal ammoniac being composed of : — 

“ 1st. Hydrochloric acid containing chlorine and hydrogen ; 

“ 2nd. Ammonia, containing hydrogen, nitrogen, and oxygen : 

“ The water is decomposed under the galvanic action, and the oxygen fixes itself 
on the iron plate, forming an oxide of iron ; the acid hydrochloric of the solution 
acting upon this oxide becomes a hydrochlorate of iron, whilst the hydrogen preci- 
pitates itself upon the plate of the negative pole, and, unable to combine with it, j^omes 
up to the surface of the solution in bubbles. 

“ My invention has for its object certain means of preparing printing surfaces, 
whether for intaglio or surface printing, so as to give them the property of yielding 
a considerably greater number of impressions than they are capable of doing in their 
ordinary or natural state. And the invention consists in covering the printing sur- 
faces, whether intaglio or relief, and whether of copper or other soft metal, with a 
very thin and uniform coating of iron, by means of electro-metallnrgical processes. 
And the invention is applicable whether the device to be printed from be pranced by 
engraving by hand, or by machinery, or by chemical means, and whether the sur- 
face printed from be the original, or an electrotype surface produced therefrom. I 
would remark that I am aware that it has been before proposed to coat type and 
stereotypes with a coating of copper, to enable their surfaces to print a larger number 
of impressions than they otherwise would do ; I therefore lay no claim to the general 
application of a coating of harder metal on to the surface of a softer one, but iny 
claim to invention is confined to the application of a coating of iron by means of 
electricity on to copper and other metallic printing surfaces. 

“ In carrying out the invention I prefer to use that modification of Grove’s battery 
known as Bunsen’s, and I do so because it is desirable to have what is called an in- 
tensity arrangement The trough I use for containiug the solution of iron in which 
the engraved printing surface is to be immersed in order to be coated is, lined with 
gutta percha, and it is 45 inches long, 22 inches wide, and 32 inches deep. In pro- 
ceeding to prepare for work, the trough, whether of the size above mentioned or 
otherwise, is filled with water in combination with hydrochlorate of ammonia (sal 
ammoniac) in the proportion of one thousand lbs. by weight of water to one hundred 
lbs. oAiydrochlorate of ammonia. A plate of sheet iron, nearly as long and as deep 
as the trough, is attached to the positive pole of the battery and immersed in the solu- 
tion, Another plate of sheet iron, about half the size of the other, is attached to the 
ne^tive pole of the battery, and immersed in the solution, and when the solution has 
arrived at the proper conation, which will require several days, the plate of iron 
attached to the negative pole is removed, and the printing surface to be coated is at- 
tached to such pole, and then immersed in the bath till the required coating of iron is 
obtained thereto. If, on immersing the copper plate in the solution, it be not im- 
mediately coated with a bright coating of iron all over, the bath is not in a proper 
condition, and the copper plate is to be removed and the iron plate attached and 
returned mto the solution. The time occupied in obtaining a proper coating of iron 
to a printing surface varies from a variety of causes, but a workman after some ex- 
perience and by careful attention will readily know when to remove the plate from 
Ae solution ; and it is desirable to state that a copper plate should not he allowed to 
remmn in hath and attached to the n^ative pole of the battery after the bright 
coating of iron begins to show a blackish appearance at the edges. Immediately on 
taking a copper plate from the bath great care is to be observed in washing off the 
solution from all parts, and this I believe may be most conveniently done by causing 
jets of water forcibly to strike against all parts of the surface. The plate is then 
dried and washed with spirits of turpentine, when it is ready for being printed from 
in the ordinary manner. « 

“ If an engraTed copper plate te prepared by this process, instead of a comparatively 
llimited number of impressions being obtained and the plate wearing out gradually a 
,-«ery large number can be printed oflF without any sign of wear in the plate, the iron 
coating protecting it effectually ; the operation of coating can be repeated as many 
times as required, so that almost an jHi{|jaited number of impressions can be obtained 
irom one plate, and that a copper one. 

“ This process will be found extremely valuable with regard to electrotype plates 
and also lor pbotogalyanic plates, smee they can be so protected as to acquire the 
durability of steel, afld more so. for a steel plate will require repairing from time to 
time, these will n.», but simply recoating them whenever it is found necessary : by 
these means one electro copper plate has yielded more than 12,000 impressions, and 
was found quite unimpaired when examined minutely.”— J. D. 


ENGRAVING. 


143 


ENGRAVING ON WOOr»f The art of wood engraving is so intimately con- 
nected with that of book-printing, that it is impossible to dissever the one from the other, 
inasmuch as the earliest books were printed from large woodcuts, the entire ^ge, 
test, and illustrations being engraved in one solid block. Hence the term “ block- 
books ” given to these ancient works. The impression from these engraved pages is 
generally taken in a thin ink, sometime of a brown hue, which occasionally spreads 
or blots on the lines or letters ; and the printing is generally supposed to have been 
effected by friction on the back of the damped paper laid on the inked lines; the 
slieets so printed were afterwards pasted back to back, and thus formed consecutive 
page^f the volume. Such books originated from the large wood-cuts of a devotional 
class, which, in the early part of the 1.5th century, were spread by the clergy among 
the common people, perhaps to counteract the evil produced by the use of playing 
cards, which were also printed in large sheets of cuts, and sever^ afterwards; bat on 
this point typographical antiquaries are not agreed, as dates and other evidence are 
wanting to enable us to fix either time, or place, to these early productions. The 
earliest wood-cut hearing a date is that belonging to Earl Spencer, and representing 
St. Cliristopher carrying the Saviour across an arm of the sea; it has two lines of 
text beneath it, and the date 1423 thus expressed “millesimo cccc® tercio.’** 
The British Museum is possessed ^f some very early single- leaf wood-cuts: one repre- 
senting Christ brought before Pilate, is executed in hold coarse outline, the figures 
are very large, and retain the characteristic features of the drawings seen in manu- 
scripts of the 14th century. Another undated cut is one of those fanciful inventions 
which the scholastic men of that early day delighted in constructing; it is termed 
Tarris Sapiencie^ every stone of which is inscribed with the name of some moral 
virtue, the foundation buttresses being prudence, fortitude, justice, and temperance; 
the windows which give it internal light being discretion, religion, devotion, and con- 
templation. Another representing the seven ages of man, is supposed to he a work 
of the middle of the 15th century. It was found pasted inside the covers of an old 
book, a practice which has preserved many specimens of old engraving which would 
else have been lost. On the opposite cover is a fragment of another large cut, repre- 
senting the Virgin with St. Joacliim and St. Anne. The St. Christopher above named 
was discovered in the cover of a volume in the conventual library at Bnxbeiro, in 
Suabia. All these old wood-cuts, as well as the block books, are generally daubed 
with fiat tints of coarse colour, supposed to have been done with stencil plates, such 
as the card painters used on some occasions; but evidently rudely executed by hand 
in others. They are all precisely of the kind to attract the uneducated eye ; and to 
this day similar coarse prints are used by the clergy to md the devotions of the 
peasants of the Germanic nations. 

The most celebrated of the block hooks is that termed the Bihlia Paupervm. Each 
page is divided by architectural compartments into three subjects, from the Old and 
New Testament, selected to form “ parallel passages ” of sacred writ ; above and below 
are other compartments with heads of the prophets, and in the intervening ^jaces, 
or upon scrolls, are explanatory inscriptions. The page measures IQ inches by 7J, 
and is one of the most elaborate works of its class ; but it exhibits very small claims 
to attention as a specimen of art, certainly less than the Cantica Canticornmy each page 
of which is divided horizontally into two pictures, with slight descriptive lines on 
scrolls; or the Apoedlypsis Sancti JohanneSj which is similarly arranged, and in both 
of which we occasionally find much power of drawing and ability of grouping. The 
dates of these hooks can only be conjecturally given, but they are probably contem- 
porary with the St. Christopher, or but a few years later. Judging from general 
characteristics the Apocalypse seems to he the earliest. The figures are executed 
entirely in outline, with no attempt at shadows, which appear sparingly on the St 
Christopher, and are very freely introduced in the Canticles, and still more abundantly 
in the Biblia Pauperum, These effects are always produced by a series of short lines 
laid parallel to each other, nor is any attempt made to enrich the meagre character of 
the work by crossing the lines, as in more modem engraving. The debate, which has 
excited so many historians as to the place where printing first bad birth, has included 
many doubts concerning the country where these old block-hooks were fabricate^?; 
but from tV? armorial bearings which appear on the shields,<^ some figures in the 
Canticles, Germany seems to be the country where that series was designed f; probably 

■ Much interest w.t 9 excited some few rears ago by the dbeorery of a cut in the librnryat Brussels ap- 
parently bearing an earii«4 date ; but strict investigation has since proved that one of the C’s in the date 
has been omitted ; this makes just one hundred years difference in its age. But the date thus altered is 
quite in accordance with the general character of the design .and execution of the cut, which, on the 
contrary, do not at all agree with tlie earlier date originally asM'gned to it. w 
t Among them is the aouble-he.ided eagle of Austria, the black eagle of Gerroanv, the three croiraai 
of Cologne, the cross-keys of Ilatisbon, the arms of Wort^berg, Nymphenburg, <ind Alsace. 
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Finders or Holland may claim the BibliaPauperum, llbich docs not bear equal traces of 
refinement in art. The Speculum Humana Sahationis has been claimed for Laurence 
Coster of Haarlem. This book was a combination of block-book and movable type, 
having long cuts across the top of each page, divided by columns into two subjects, 
with moveable types beneath. It is not unusual to meet with woodcut pages of type 
alone at this period; and books with such pages, or with the addition of wood cuts, 
were produced by ie old engravers after the invention of movable types ; but, as 
metal-cast lettera speedily usurped the place of the wooden ones, the wood engravers 
seem to have soon confined themselves to the pictorial branch of the art. 

The love of pictured illustrations of narrative history ^ve a permanence Jp the 
art of wood engraving, and the works printed in Italy, as well as those introduced 
into England by Caxton, were ^omed with cuts. They are, however, of the 
rudest kind, with broad heavy lines, and were most probably produced from coarse 
pen drawings made on the surface of the wood, and mechanically cut by the engraver. 
Toward the close of the fifteenth century “ cross hatching ** (as lines of shadow cross- 
ing each other are technically termed) is first seen, and in the Nnremburg Chronicle, 
1493, they are freely used. The designers and engravers of these cuts, perceiving 
the effect, which may be so readily obtained in wood engraving, by leaving the wood 
untouched with the graver for solid masses of shadow, have availed themselves of it, 
and given stronger effect to their cuts thereby. Michael Wohlgemuth and William 
Pleydenwurff were the designers employed ; the former artist was the master of 
Albert Durer, who ultimately raised wood engraving to the highest point of ex- 
cellence. 

Durer’s first great work was a series of sixteen large cuts illustrative of the 
Apocalypse. They were published in 1498, and attracted great attention from the 
vigour and strange originality of their design, and the artistic character of their treat- 
ment. In 1511 another series of cuts was published at Nuremberg by Durer, 
illustrative of the Apocryphal Life of the Virgin. They evidence the great improve- 
ment which the artist had made dunng the interval, and are certainly the finest wood 
cuts which had ever been executed up to that period ; but they are eclipsed by the 
series of eleven large cuts published soon after, representing scenes in the Passion of 
Christ; and which may be fairly considered triumphs of the art of wood-engraving, 
unsurpassed in design and execution by any successors. The art bad now become 
appreciated wherever it was known, and a host of wood engravers found employ in 
Nuremberg, cutting the designs of Durer, Hans Burgmair, Hans Scbanfelein, and 
other artists ; who found no lack of patronage in the old imperial city, for the Empe- 
ror Maximilian L, extensively employed them in various works illustrative of his real 
or fancied exploits.* 

So important was this royal patronage, that the ebgravers set no bounds to the size 
of the works they attempted, and hit upon the plan of joining one block of wood to 
another, until in the engraving representing the triumphal arch in honour of this 
emperor, a wood-cut was completed in this way, measuring ten feet by nine. The 
size is, however, not its only claim to attendon, for it is throughout designed and en- 
graved with the utmost care and beauty. 

In all these cuts of the great masters of the art of wood-engraving, we only find the 
name of the designer recorded ; thus, Durer, and others of his era, whose names 
occur on cuts, were the designers and draughtsmen on the wood ; but the engraver 
was considered in the light of a mechanician, and, except in a very few instances, his 
name was not displayed. To fully iinderstaBd this, it is necessary here to explain the 
whole process of wood engraving at this dme. A block of wood being prepared 
from a perpendicular cutting of pear-tree, upon the surface was made a drawing, in 
which every Hne was delineated with pencU or reed-pen, exactly as the cut was 
ultimately to appear ; the inteiveniDg spaces of plain wood between every line were 
then cut away ; and in this manual dexterity consisted the whole merit of the engraver. 
The abundance of cross-hatching so constantly found in old wood cuts, is expleined 
by the fact of this being the easiest and best mode for the draughtsman to employ in 
getting his effects of light and shade ; the extreme labour it involves to the engraver 
ikot being considered ; but when it is understood that each minute space has to be cut 
down from each az^ie of the lines, and the centre entirely cleared out, some idea may 
be formed of the labour required, when thousands of such squares occur on some of 
Durer’s large cats, independent of other work. The backs of some of these old blocks, 
particularly those in the Triumphs of Maximilian, are marked with the names of the 
engravers, and there is proof that women practised the art ; but it is not at all likely 

* Such were the afVenturea of the Knight Thuerdank, under which form the emperor was figured ; 

“ The WUe King.” an equally flattering picture his early education actions ; and the magnificent 
senes of cuts, known as The Triumphs of Maximilian.** 
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that the artists who designed, and drew upon the wood these designs, went through 
the merely mechanical labour of engraving them. 

The great impetus thus given to wood engraving* kept it prominently before tlie 
world during the whole of the sixteenth century, when the presses of the continent 
continually brought forth a series of volumes remarkable for the beauty of the cuts 
by which they were illustrated. This practice of the book-trade gave rise to a 
series of artists known as “the- little masters ” of the German school, from the small 
size of their works; among whom the principal who connected themselves with 
engraving on wood were Virgil Solis, Henry Aldegraver, the two Bebaims, Lucas 
Crg^pach, Urse Graflf, Albert Altdorffer, Jost Ammon, and Solomon Bernard. 

In Italy, Ugo da Carpi practised with success, from the year 1518. the art of en- 
graving on wood imitations of tinted drawings ; an art which originated with the 
Germans, but which he much enlarged and improved. It consisted in a series of blocks 
cut to imitate patches of colour, and made to print over each other in gradations of 
tint, until the chiaroscuro of a drawing was secured ; then the coarser and bolder 
lines defining the whole design were printed over all, and a capital imitation effected 
of tlie bold cartoons, consisting of vivid outline and broad washes of tint, used as first 
sketches for their pictures and frescoes by the artists of that era. 

A perfect rage for book illustration seems to have beset the printers soon after the 
death of Durer. The most prolific artists who supplied their wants, were Jost Ammon 
and Solomon Bernard : the foimer executed a multitude of designs on every imagina- 
ble subject ; the latter, equally prolific, devoted himself chiefly to the illustration of 
sacred or classic literature. The greatest publishers of such books were Sigismond 
Feyeraband, of Frankfort-on-the- Maine; Jean de Toumes, and Trechsel, of Lyons ; 
and Plantyn, of Antwerp- From their presses issued a series of small volumes, which 
can only come under the generic title of “picture books ; ” for they were got up for 
the sake of exhibiting the favourite art of wood-engraving, and only contain a few 
descriptive lines of type beneath each cut. The cuts executed by Ammon are all 
remarkable for correctness of drawing and vigorous effect ; those of Bernard are 
less scholastically correct, but contain more evidence of grace and fancy. The de- 
signs of these artists abound in books published between 1550 and 1580; but the 
most admirable series were executed in a little volume published at Lyons, in 1538, 
without the name of draughtsman or engraver, the Simulachres de la Mart, known 
among bibliographers as the “ Lyon’s Dance of Death,” a collection of cuts which, 
for minute beauty and perfection of design and execution, are completely unrivalled, 
and have not been equalled by any modern copyi&t.f This was the Augustan age of 
book-illustration, which flourished in popular favour until the close of the sixteenth 
century, when a minute in contradistinction to the viyom' oi the earlier en- 

gravers, began to appear, and reached its culmination in such cuts as were given in 
Nicolay’s “ Travels m Turkey” (Antwerp, 1576). 

Titian is said to have furnished designs for various woodcuts, particularly the 
series of Costumes published at Venice in 1590; and a very large coarse cut of the 
Destruction of Pharaoh and his host, more than four feet long, is said to have been 
one among many of uncommon size executed from his designs, they were printed on 
separate blocks, and then pasted together in the manner of wall-paiiers. One repre- 
senting the sacrifice of Abraham is remarkable for the variously tinted inks in ^^}uch 
it is printed to exhibit gradations of distance. 

Wood-engraving, in the earlv part of the sevcntoeiith century, had sunk fritin its 
high estate. The last great artVt who had emplojed himself m cimnection with the 
art was Hans Holbein, and we do n<»t find a great name again conjoined with it until 
the middle of that century, when lluK ns employed Jeghers, of Antwerp, to engrave 
some of bis drawings on wood. The generality of woodcuts in books of this era, 
rival in coarseness the older block-hooks; the wood-engravers seem to have sunk into 
mechanics, unassisted by good artists to furnish them with drawings. The art had 
bec#me vulgarised, its profession a trade, and the demand and supply scarcely better 
than the requirements of the ballad printer desired. They were ancillary to the 
commonest uses of the press, and all art speedily vanished from the cuts nianii- 
faotured probably at a very cheap rate for temporary use. Of this kind aio t^e 

* Diirer’a •ngrav ings were so cxcretlinglv popular, that they found th«i'* u.iy all o\ir 1 uro] e. 
Raphael admired them in Rnme, and was indu ed to perpetuate hia c»\\u dcsigU' hj < mploying \Jatc 
Antonio Raimondi to eiigra\e them on metal umler his own superintciulo i **. So ongmaied the 
modern print trade. Durer’s designs were so much in request, that Lucas \..n Leiden mutated them 
on copper, for sale to such pers*)ns .i<; ftmid not perceive the great ditlcicnce hetween the vigorous ori- 
ginals, and his tame and disagreeable copies. Durer was ultimately ooliged to applj for legal resiiicti'-us 
agaitiftt thc'ie [dracics. 

+ The designs h.uebeen popularly ascribed to Holbein, and, api arently, ^th reason. An artist 
named Hans Luizelburgher, of Rasle, has betn conjcctur*^ to liaic hi en t" engraver, from the 
initials H. L. on one of them. By this time it had become usual to append the initials of engrarers to 
woodcuts, as well as those of the designers 
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cuts sprinkled tlirougli the English books of the time of James and Charles I. It is 
possible that the printers were supplied with them from Germany and Flanders. It was 
customary to^ use woodcuts repeatedly, particularly if merely ornamental ; in this 
way initial letters were reproduced as the stock in trade of the printing-office * ; and 
even scenes of adventure, adopted unscrupulously for other events, to which there 
was the slightest general resembiance.f The names of these ‘‘wood-cutters” have 
not descended to our time ; their works are widely scattered over general literature, 
and it is not until the middle of the century that we meet with any instance of an 
attempt to arrest the downward progress of the art. Then, as we have previously 
noted, Rubens, probably anxious to rival Durer, engaged Christoplier Jegher^ of 
Antwerp, to execute, under his own superintendence and at his expense, a series of 
large drawings made by himself upon the wood- Tlr.y differ from the style of the 
earlier masters, and frequently have a confused blotted look in the lines, which pro- 
duce deep shadows ; they possess, however, all that boldness and vigour of treatment 
for which the great Flemish painter was so deservedly celebrated ; but the engraving 
is coarse and mechanical. Rubens appears to have felt this, and sometimes a tinted 
block is added over all, with high lights cut upon it, to give softness and brightness 
to the whole ; an idea he may have adopted from the engravers of Italy who suc- 
ceeded Ugo da Carpi (among whom may be honourably mentioned Andreas Andreani, 
of Mantua, born 1540, died 1620), or from the designs of Lalleman engraved by Bu- 
sinck, which were nearly contemporaneous in Franco. 

Though “fallen from its high estate,” the art never sank into complete decay, 
either in England or upon the continent; there were always a few who followed the 
profession, and aided the printer with such cuts and diagrams as he might require. 
The family of the Jeghers practised in Antwerp until the end of the century; a clever 
series of woodcuts illustrative of the service of the Mass w'as published at Ghent, 
and executed by Kraaft in 1732. In France, the family of Le Sueur w ere emploved 
through three generations by booksellers ; the lost, Nicholas, died in 1764 ; while 
Papillon, the author of a Train de la Gravure enBoisy had practised the art from the 
commencement of the century until 1770, and had been patronised so extensively by 
the booksellers of France and Holland that he counts his cuts by the thousand. In 
England, E. Kirkhall executed cuts for books, and from 1722 to 1724 a series of 12 
block prints, in imitation of Ugo da Carpi’s work already alluded to ; in this Litter style 
he produced a greater pupil in J. Jackson, who very successfully copied some of the 
^eaiworksof Titian, Paul Veronese, and others, during the years 173S to 1742 ; at this 
time he resided in Venice, after a short sojourn in Pans, where he was occasionally 
employed as a wood-engraver. Many cuts scattered through English books about 
the same period bear the initials of F. H. for Francis Hoffman, whose name is en- 
graved in full on a tail-pi^ce, representing cupids surrounding a lighted altar, to be 
seen in the first edition of Gulliver s Travels^ 1726, voi, ii. p. 47. An engraver named 
Listerexecutedsome cuts of a much better character than usual about 1760, particularly 
those in the Oxford Sausaije; and in Sir John Hawkins’s History oj" Music are some of 
the largest and most ambitious cuts at that time attempted anywhere. They were 
engraved by T. Hodgson, Three other pijrsons named respectively, "W, Pennoek, 
S. Watts, and H. Cole, occasionally devoted themselves to wood-engraving, which 
seems to have been practised by such copper-plate engravers as devoted themselves 
to general work for the printing trade or the public, and who varied their labours 
by occasionally engraving shop-bills or door-plates. 

great change in the cuts produced during this period, the result of a 
different style of drawing made for the wood-engravers, and which discarded cross- 
hatchmg and its consequent tedious labour, for a tinted or washed drawing w hich 
could be cut a series of lines by the tool, expressing the varied tints more simply 
and readily. The art of “ lowering ” or scraping down to a lower level various parts 
of a cut that should appear light, and so assist the press in its labours, was also prac- 
tised, and the harder wood of the box tree used. Such was the state of the art w#ien 
a Northumbrian peasant boy was destined to appear, again draw universal attention 
toiffie neglected profession, and found the modern school of wood engraving. 

<rhomas Bewick was the son of parents engaged in a colliery, who lived at Cherry- 
bum twelve miles west of Newcastle-on-Tyne ; he was born in 1753 and^assed his 
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early years helping his father’s labonr. His leisure hours were earnestly devoted to 
the small amount of knowledge a village school could impart ; but as a strong love 
for nature, and for its imitation, soon developed itself in the boy, his father determined 
to apprentice him to an engraver of Newcastle, Mr, R. Beilby, whose work was of that 
“ general ” kind undertaken in a busy country town. There he occasionally engraved 
initials on tea-spoons or names on door plates, until, in the second year of his ap- 
prenticeship, his master received an application from Dr. Hutton for wood-cut 
diagrams, such as were then executed in London, to illustrate his treatise on 
mensuration, Beilby knew that yoong Bewick had been making some attempts in 
thi« style and he encouraged him to persevere; he did so, and Hutton’s book was 
published in 1770 with Bewick’s cuts. The young engraver had many diflaculties to 
contend against, and had even to construct his own tools ; among the rest, a double- 
pointed graver to enable him to cut both sides of a line at once, and so ensure its 
equal thickness throughout. In 1775, he executed acut and sent it to the Society of 
Arts, in London, who awarded him a medal ; and in the following year he visited 
London, and was employed by Hodgson, whom we have already noted as the engraver 
of the cuts in Hawkins’s History of Music; as well as hy H. Cole. There need be 
little doubt that this visit to the London wood engravers was useful to Bewick, for he 
must have become by that means acquainted with the usual mode of practising the art, 
the proper kinds of tools used, and the various things which make the mechanical part of 
the profession ; but he had fortunately formed a style of his own, so very original, and 
based so firmly on the study of nature, that wood-engraving in his hands became an art 
presenting many novel and attractive features never visible before. The wood-engravers 
from the days of Durer, or from the first invention of the art, depended slavishly on the 
drawings made upon the wood, and did little more than cut away the interstices ; hut 
Bewick cut out of the wood a vast deal of that which no draughtsman could so draw ; 
for with the aid of a slightly tinted drawing, he would cut the foliage of trees, the 
plumage of birds, the texture of animals, or small figures and birds, by the graving 
tool alone. His dextrous hand was guided by a perfect knowledge of nature, and 
every line he cut expressed drawing ; in this was his great distinction over all other 
wood engravers ; he cut his pictures out of the w'ood, the others cut the wood out of 
the pictures. 

Bewick disliked London, and speedily returned to his native place. His first work 
was an illustrated edition of Gay’s Fables, published in 1779 by T. Saint, a printer of 
Newcastle, much engaged in the publication of children’s books, and such as the 
travelling chapmen carried in their packs for the edification of the villagers. These 
cuts bear the earliest traces of that accurate delineation of nature, and minute truth- 
fulness of expression, which ultimately gave his works universal renown. The wild 
plants and grasses, however minute they are cut, can always be distinguished by the 
naturalist ; the proper foliage of every tree is truthfully cut by his graver ; the birds 
and insects, however minute, are perfect in drawing ; and the general effect of his 
wood cuts artistically powerfuL As he fully felt the value of leaving the wood itself 
to express solid shadow, he had not the timidity which imagines labour to be neces- 
sary to success. The little cut of the Fox and the Bramble in this volume is a good 
illustration of Bewick’s mode. Every leaf of the bramble is cut out, white upon 
black, with the most truthful power of drawing ; the spines on the stem of ihe bramble 
are visible to the eye ; the fern beside it is similarly expressed by cutting the form 
of its foliage with the most perfect freedom upon the ‘^olid block of wood. Each 
bush has its distinctive leaf. The dogs in the distance arc similarly cut out by the 
graver on a tinted ground ; and the few lines which cover the body of the fox 
entangled in the bramble, express its texture with a spirit which no mere cutting of a 
drawing placed on wood by a professional draughtsman could ever give. Bewick’s 
cuts are sometimes termed coarse, but no elaboration of labour will elevate the costliest 
woodcut above these works, for which Bewick obtained but nine shillings each; 
unlfts drawing can be expressed by the engiaver as perfectly as Bewick could 
express it 

Assisted hy his brother John, the Newcastle engraver issued a series of work.? 
devoted to natural history ; the best being the History of British Birds. Here 
Bewick’s knowledge of nature, and power of expression by means of his graver 
shone forth conspicuously. His books became equally celebrated for the humorous 
tail-pieces he occasionally introducedredolent of whim and original genius He lab«)ured 
steadfastly at his art to a good old age. His brother John left Newcastle to reside in 
London, where he was much employed, but a pulmonary complaint killed him at the 
early age of thirty-five. He died in 1795. Thomas Bewick lived to the advanced 
age of seventy-five. He died in 1828, having worked upon a Ifrge woodcut only 
a few days before his death. 

The pupils educated by Bewick werg few. The best were Charlton Nesbit, I«uke 
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CienneU, William Harvey, and John Jackson. Neshit settled in London, and was 
extensively employed during a long life. Glennell after a while, devoted himself to 
painting. HaWey turned his attention to drawing on wood, and his designs for hook 
illustration may he numbered by the thousand; his best are in Lane’s edition of the 
Arabian Nights' Entertainments. Jackson was greatly employed by the publisher of 
the latter work, Mr. Charles Knight, particularly on the best cuts in the once-famod 
Penny Magazine. 

At the early part of the present century, Mr. Robert Branston founded a London 
school of wood-engravers, of which he was the head. His style was peculiar, unlike 
Bewick’s, though like him he was self-taught His cuts have more refinement, 
less knowledge of nature ; his best pupil was John Thompson, who combines in his 
best cuts, the refined knowledge of light and shade, with much of Bewick’s power of 
expressing drawing. Samuel Williams was one of the few modern engravers, who 
made his own drawings upon the wood, and he produced very brilliant effects by 
frequently leaving the wood in solid masses of black. Drawings for woo<l engravers 
were at this time chiefly supplied by artists who devoted themselves to that particular 
branch of the art; and knew how to design their compositions so that they should 
best display the peculiarities of wood-engraved effects. Thurston, Craig, and Harveys 
were the principal artists so engaged. 

A large number of wood-engravers, the pupils of the Newcastle and London ateliers, 
helped to supply the booksellers at home and ab-v'''.!! for a considerable number of 
years. It was the custom, some twenty years ago. fu’ tlie foreign booksellers, parti- 
cularly in Paris, to send the blocks across the channel to Knglish engravers to execute ; 
this led ultimately to several settling on the continent, particularly in France and 
Germany. The French publishers always sent the wood block with the drawing 
carefully executed on its surface, by a native artist. These drawings were always 
elaborately executed in pencil, greatly resembling etchings ; little was consequently 
left for the engraver to do, but follow the lines and cut away the spaces; patience 
hence became the chief virtue of the wood engraver ; and it was ultimately found 
that its exercise produced so certain an effect, that apprentices knowing nothing of 
art might aid in thus working out good engravings ; and the old style of tinted draw- 
ing on wood was discarded for this “fac-simile” work ; the best draughtsmen among 
the French and German artists having willingly furnished these drawings, English 
artists of a higher grade were induced to draw on wood, but they occasionally failed 
from not clearly understanding the peculiar effects-their work should produce, and 
the characteristics of the art. Generally speaking, wood engravers prefer cutting 
from the drawings of professional draughtsmen on wood *, who generally execute their 
work with such elaborate precision, that the engraver has nothing more to do tlian 
follow their lines ; this, however, has made mere mechanism of much modern wood- 
engraving; and many expensive cuts exhibiting pencilling in crossed and re-crossed 
lines, occupying wearisome labour, and costing many ill-bestowed sovereigns, can 
only he classed with such “art” as is devoted to engraving the Lord’s Prayer in the 
compass of a silver penny ; and merely produces the same general effect that Bewick 
would have obtained in a few bold lines. 

The great difference between ancient and modern wood engravipg consists in this 
very boldness ; and the practice of the art was essentially different in the sixteenth and 
eighteenth centuries. The old wood engravers cut on large blocks of soft wood, 
such as pear-tree, the way of the grain ; the moderns, on small blocks of the hardest 
wood they can obtain — the turkey box, and across the grain. The old engravers 
cut the work downwards with small knives or gouges ; the moderns use gravers of 
various widths to cut out the spaces between fine lines, and broader chisels or gouges 
to clear away the broad spaces of white. Wood engraving is the exact opposit^ to 
copper-plate engraving in the mode by which the lines of engraving are produced. 
The copper-plate engraver produces his lines by cutting into the metal at once, the 
wood engraver produces his lines in relief cut out of the bl(jbk of wood ; every>line 
be engraves has to be cut by a double operation, by slicing away the wood on each 
side of it ; for though it is recorded that Bewick invented a double cutting fork-shaped 
graver to cut away both sides of a line at once, no such tool has ever since been 
used in the profession. 

In order to make the whole process of wood engraving clear to the reader, 
we will now simply describe the production of a wood cut from the time it leaves 
the timber-merchant, until it is fit for the hands of the printer. The log of box is cut 
into transverse slices, | of an inch in depth, in order tlsat the face of the%ut may be on 
a level with the ^surface of the printer’s tjpe, a d receive the same amount of 
pressure ; the h\cL& is then allowed to remain some time to drv, and the longer it is 
allowed to do so the better, as it prevents accidents by warping and splitting, which 
sometimes happen after the cut is executed^if the wood is too green. The slice is 
ultimately tri mm ed into a square blocks and if the cut be larcr", it is made in various 
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pieces strongly clamped and screwed together ; and this enables engravers to get 
large cuts done in an incredibly short space of time, by putting the various pieces 
into different engravers’ hands, and then screwing the whole togeth». The upper 
surface of the wood is carefully prepared so that no inequalities may appear upon 
it, and it is then consigned to the draughtsman to receive the drawing. He covers 
the surface with a light coat of flake white mixed with weak gum-water, and the 
thinner this coat the better for the engraver. The French draughtsmen use au 
abundance of flake white, but this is liable to make the drawing rub out under the 
engraver’s hands, or deceive him as to the depth of the line he is cutting in the wood. 

old drawings of the era of Durer seem to have been carefully drawn with pen 
and ink on the wood; but the modern drawing being very finely drawn with the 
pencil or silver point is obliterated easily, and there is no mode of “ setting ” or 
securing it. To obviate this danger the wood-engraver covers the block with paper, 
and tears out a small piece the size of a shilling to work through, occasionally re- 
moving the paper to study the general effect, in damp and wintry weather he some- 
times wears a shade over the mouth to hinder the breath from settling on the block. 
It is now his business to produce in relief the whole of the drawing ; with a great 
variety of tools he cuts away the spaces, however minute, between each of the pencil 
lines ; and should there be tints washed on the drawing to represent sky and water, 
he cuts such parts of the block into a series of close lines, which will, as near as he 
can judge, print the same gradation of tint Should he find he has not done so com- 
pletely, he can re-enter each line with a broader tool, cutting away a small shaving, 
thus reducing their width and consequently their colour. Should he make some fatal 
error that cannot be otherwise rectified, he can cut out the part in the wood, and 
wedge a plug of fresh wood in the place, when that part of the block can he re- 
engraved. An error of this sort in a wood-cut is a very troublesome thing ; in copper 
engraving it is scarcely any trouble; a blow with a hammer on the back will obliterate 
the error on the face, and produce a new surface ; hut in wood, the surface is cut 
entirely away except where the lines occur, and it is necessary to cut it deep enough 
not to touch the paper as it is squeezed through the press upon the lines in printing. 
To aid the general effect of a cut, it is sometimes usual to lower the surface of the 
block before the engraving is executed in such parts as should appear light and delicate ; 
they thus receive a mere touch of the paper m the press, the darker parts receiving 
the whole pressure and coming out with double brilliancy. ^Vhen careful printing 
is bestowed on cuts, it is sometimes usual to ensure this good effect, by laying thin 
pieces of card or paper upon the tympan, of the shape needed to secure pressure on 
dark parts only. 

Wood engraving, as a most useful adjunct to the author, must always command a 
certain amount of patronage. In works like the present, the author is greatly aided 
hy a diagram, which can more clearly explain his meaning than a page of letter- 
press ; and it can be set up and printed with the type, a mode which no other style 
of art can rival in simplicity and cheapness. The taste for elaborately executed 
wood engravings may again decrease, as we find it did for nearly two centuries ; hut 
it was never a lost art, and never will be, owing to the practical advantages we speak 
of, unless it be superseded by some simpler mode of doing the same thing hitherto 
undiscovered. The number of persons who practise wood engraving in London 
alone, at present is more than 200 , and when we consider the quantity done in the 
great cities of the continent, and tlie large amount of book illustration in constant 
demand; the creative power of one single genius — Thomas Bewick — shines foith 
in greater vigour than ever. — F. W. F. 

ENTRESOL. A floor between other floors ; a h)w set of apartments placed above 
the first floor. The Quadrant, Regent Street, has a good example of the entresol. 
In Italy the term Mazzajuno, or litUe middle floor, is used to indicate the same 
arrangement. 

ENVELOPES. The manufacture of envelopes has so largely increased, that the 
old method of folding them hy means of a *^hone folding i>ticky' although a good workman 
could thus produce 3000 a day, was not capable of meeting the demand ; hence the 
attention of several was turned to the construction of machines for folding thetn. 
Amongst ^he most successful are the following. 

Envelope folding. — In the envelope folding machine of Messrs. De la Rue & Co., each 
piece of paper, previously cut by a fly press into the proper form for making an envelope 
(and having the emblematical stamp or wafer upon it),islaidbythe attendant on a square 
or rectangular metal frame or box, formed with a short projecting piece at each corner, 
to servdK^ as guides to the paper, and furnished with a movable bottom, which rests on 
helical springs. A presser at the end of a curved compound armiil which moves in a 
vertical plane, then descends, and presses the paper down into the box, — the bottom 
thereof yielding to the pressure ; and thereby the four ends or flaps of the piece of paper 
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are caused to fly up ; the presser may be said to consist of a rectangular metal frame, the 
ends of which are attached to the outer part of the curved arm, and the sides thereof to 
the inner portion of the arm ; so that the ends and sides of the presser can move inde- 
pendently of each other. The ends of the presser then rise, leaving the two sides of it still 
holding down the paper ; two little lappet pieces next fold over the two side flaps of the 
envelope ; and immediately a horizontal arm advances, carry ing a V -shaped piece charged 
with adhesive matter or cement (from a saturated endless band), and applies the same 
to the two flaps. A third lappet presses down the third flap of the envelope upon the 
two cemented flaps, and thereby causes it to adhere thereto ; and then a pressing-piece, 
of the same size as the finished envelope, folds over the last flap and presses the whole 
flat. The final operation is to remove the envelope, and this is effected by a pair of 
metal fingers, with indiarubber ends, which descend upon the envelope, and, moving 
sideways, draw the envelope off the bottom of the box (the pressing piece having moved 
away and the bottom of the box risen to the level of the platform of the machine ) on to 
•a slowly moving endless band, which gradually carries the finished envelopes away. A 
fresh piece of paper is laid upon the box or frame, and the above operations are repeated. 
This machine makes at the rate of 2700 envelopes per hour. 

Another machine for the same object, was invented by Mr. A. Remond, of Birming- 
ham, and is that employed by Messrs. Dickinson & Co- The distinguishing feature 
of this arrangement is the employment of atmospheric pressure to feed in the paper 
which is to form the envelope, and to deflect the flaps of the envelope into inclined 
positions, to facilitate the action of a plunger, which descends to complete the folding. 
The pieces of paper, cut to the proper form, are laid on a platform, which is furnished 
with a pin at each corner, to enter the notches in the }neces of paper, and retain them 
in their proper position, and such platform is caused alternately to rise and bring the 
upper piece of paper in contact with the instrument that feeds the folding part of the 
machine, and then to descend until a fresh piece is to be removed. The feeding in- 
strument consists of a horizontal hollow arm, with two holes in the under side, and 
having a reciprocating movement. ^Vhen it moves over the upper piece of paper 
on the platform, a partial vacuum is produced within it, by a suitable exhausting ap- 
paratus, and the paper is thereby caused to adhere to it at the holes in its under sur- 
face by the pressure of the atmosphere. The instrument carries the paper over a 
rectangular recess or box ; and then, the vacuum within it being destroyed, it deposits 
the paper between four pins, fixed at the angles of the box, and returns for another piece 
of paper. As the paper lies on the top of the box, the flap which will be undermost 
in the finished envelope, is pressed by a small bar or presser on to the upper edge of 
two angular feeders, communicating with a reservoir of cement or adhesive matter, and 
thereby becomes coated with cement and at the same time, the outermost or seal flap 
may be stamped with any required device, by dies, on the other side of the machine. 
A rectangular frame or plunger now descends and carries the paper down into the box ; 
the plunger rises, leaving the flaps of the envelope upright ; streams of air, issuing from 
a slot in each side of the box, then cause the flaps to incline inwards : and the folding 
is completed by the plunger again descending ; the interior and under surface of such 
plunger being formed with projecting parts, suitable for causing the several flaps to 
fold in proper superposition. The bottom of the box (which is hinged) opens, and 
discharges the envelope down a shoot on to a table below ; the feeding instrument 
then brings forward another piece of paper ; and a repetition of the above movements 
takes place. 

EPSOM SALTS. A sulphate of magnesia, consisting of magnesia 16‘26, sulphuric 
acid 32 *52, water 51*22. It derives its Damefri>m a mineral spring containing the 
salt at Epsom. It is largely manufactured. See Dolomitb. 

EQUISETUM Horsetails. A family and genus of acotyledonous plants. See 
Dutch Rush. 

equivalents, chemical. By this term is understood the proportions in 
which substances combine with each other to form definite compounds. These ^o- 
portions are referred to the common standard, hydrogen, which is taken as unity. 
TJ^e limits of this work preclude the possibility of entering into the history of 
the steps by which the doctrine of equivalents was gradually developed ; but it is 
proper that we should indicate some of the methods by which the equivalents of ele- 
ments and compounds are ascertained and demonstrated to be correct But before 
proceeding it is necessary to define the term equivalent. This is not easy to do, 
because the theoretical ideas of all chemists are not the same. Suppose, for ex- 
ample, the constitution of water were to be taken as the starting point On submitting 
it to the action o^the pile, it is immediately observed that the ratio of the two 
gases evolved is as 1 to 2. One chemist will at once assume that water is a simple 
binary compound one equivalent of each of its constituents. But this involves the 
assumption that the gaseous volume of the equivalent of hydrogen is twice that of 
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oxygen. The other chemist assuming that one volume of a gas represents an equiva- 
lent, considers "water to be a ternary compound having the formula H-0. It is plain 
that the atom of hydrogen will have only half the value on the second hypothesis that 
it will on the first, or, what comes to the same thing, the atom of oxygen w ill be 
twice as great. If, with some chemists, we consider the volumes of the gases to repre- 
sent atoms or equivalents, then, water consisting of two volumes of hydrogen and one 
volume of oxygen, and as by weight water contains 8 parts of oxygen to 1 part of 
hydrogen, it is plain that 8 parts of oxygen by weight will represent one equivalent, 
and 1 part by weight of hydrogen will represent 2 equivalents. Consequently I 
eqi^valent of hydrogen will weigh *5. But to avoid fractional numbers it will (on these 
a'^sumptions) be more convenient to write the equivalent of hydrogen = 1, and oxygen 
1 6. In this country it is usual to consider the atom of hydrogen as occupying twice the 
space in the gaseous state of that of oxygen. The atomic weights being, therefore, 
oxygen 8 and hydrogen 1. 

We have said that it is by no means easy to define an equivalent. The difficulty 
arises not merely from the diSerent aspects under which theoretical chemists regara 
the elements and their compounds, but also from the practical difficulties attending 
tlie determinatitm of the true constitution of some substances. Thus the equivalent 
of bismuth is assumed by some to be 71 and by others 213 ; the oxide in the one 
case becomes BiO, in the other BiO\ The first equivalent being only one-third as 
great as the second. But, it is to be observed, the variations in the theoretical views 
of chemists are of no consequence, so long as we clearly comprehend the nature of 
those variations. The relative values or proportious are the same in all cases. It is, 
in fact, somewhat the same as if one class regarded the avoirdupois ponnd as made up 
of sixteen ounces, each ounce weighing 437*5 grains, and the other considered it as 
consisting of eight ounces, each ounce containing 875*0 grains. 

In order to clearly understand the nature of the equivalents as received in this 
country, it is necessary to remember that there are three relations of volume amongst 
gases, namely, one, f'vo, and four volumes. The first relation applies solely to ele- 
meutary gases. The two others apply to elements and compounds. [It is true that 
the vapour densities of pentachlorlde of phosphorus, chloride of ammonium, and, 
perhaps, one or two other substances, appear to differ from this rule, but it is probable 
that, like sulphur, the vapour densities require to be determined under special conditions 
of temperature or pressure.]* In the table of equivalents the density of the vapours 
of those substances which are capable of assuming the gaseous stales are so placed 
that the number obtained by experiment may be compared witli that deduced from 
theoretical considerations. In the following table the vapour volumes or combining 
measures of some of the more important elements are given. We shall see presently 
the practical value of the information contained in it. 


Element. 

Hydrogen 

Chlorine - - - 

Bromine - - - 

Iodine _ - - 

Fluorine (hypothetical) 
Nitrogen - - - 


Combining 

Measure. 

- two volumes. 

do. 

do. 

- do, 

- do. 
do. 


Eleme^ 
Oxygen^ - 
Sulphur - 
Selenium • 
Phosphorus 
Arsenic 
Carbon 


Combining 

Measure. 

- one volume. 

- do. 

- do. 

- do. 
do. 
do. 


It must be remembered that all volatile compounds possess four volume formula, 
except a few, which iu this country are always written as if possessing a condensation 
to two volumes ; such are carbonic acid, carbonic oxide, sulphurous acid, &c. With 
the above information it will be easy for any person to calculate the density of any 
vapour or gas by the aid of the following directions. 

To obtain the density of any vapour or gas having a condensation to four volumeSy 
siicit as most organic or inorganic compounds. — Multiply half the density of hydro^n 
by the atomic weight of the vapour or gas. Example: — Find the density of the 
vapour of hydrobromic acid. The atomic weight of hydrobromic acid is 81. The 
density of hydrogen is 0 0C92, half of which is 0 0346. Then 0*0346 x 81 — 2*8026. 
Fxperimeiif gave 2*73. 

To obtain the density of any vapour or gas having a condensation to two volumes. 
— Multiply the density of hydrogen by the atomic weight of the gas or vapour. 
Example ; — Find the density of chlorine gas. The atomic weight of chlorine being 
3.^*5, and the density of hydrogen 0*0692, we have by the rule, 0*0692 x 35*5 =2 4566. 
The density by experiment is 2 44. ^ 

To obtain the density of any rapour, or gasy having a condensation to one volume.-^ 
Multiply twice the density of hydrogen by the atomic weight of the gas or vaptaiP. 
Example : — Find the density of tie, vapour of oxygen. The ^mic we^t of 
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oxygen being 8, and twice the density of hydrogen being 0'1384, we have 
0*1384 X 8 = 1*1072. Experiment has yielded 1*1056. 

The above methods of calculating the densities of vapours and gases are those always 
employed by the writer of this article, and will be found incomparably shorter and 
more convenient than any other. 

It is perfectly plain that, by a simple inversion of the above rules, it is equally easy 
from the known density of a gas or vapour to calculate its atomic weight. Never- 
theless, for the sake of those who are unaccustomed to calculations of this kind, we 
append the following rules. 

To calculate the atomic weight of any gas or vapour having a condensation to four 
volumes. — Divide the density of the gas by half the density of hydrogen. Example ; 
— Find the atomic weight of hydrobromic acid gas, the density of which is 2*8026 ; 
2*8026 


00346 


= 81*000. 


To calculate the atomic weight of any gas or vapour having a condensation to two vo- 
lumes. — Divide the density of the gas by the density of hydrogen. 

To calculate the atomic weight of any gas or vapour having a condensation to one vo- 
lume. — Divide the density of the gas by twice the density of hydrogen. 

It is plain then that if we are in possession of the atomic weight and vapour volume of 
any substance, it is easy to determine the density of its vapour or gas. Also, that 
having the density of the vapour and the vapour volume, it is easy to calculate the 
atomic weight. If we consider for an instant what is meant by the term density of a 
vapour or gas, it will appear equally easy to find, from the density of the gas, the 
weight of loo cubic inches at the standard temperature and pressure. By the density 
of a gas is meant the number expressing how much it is heavier or lighter, bulk for 
bulk, than air. If, therefore, wc multiply the density of a gas by the weight of 100 
cubic inches of air, at the standard temperature and pressure ( = 30*00 grains), we 
immediately find the number required. Example : — The depsity of hydrogen is 
0*0692 aud 0*0692 x 30 = 2*0760, or the weight of 100 cubic inches of hydrogen, at a 
temperature of 60® Fahr., and 30 inches of the barometer. 

From what has been said, it is evident that no difficulty exists in determining the 
equivalents of bodies which can be obtained in a gaseous state. "Where the equi- 
valent of a fixed body is to be ascertained, or where it is desired to proceed in a 
different manner, the method employed must depend upon the nature of the substance. 
We shall consider three of the most simple and general cases, namely, an acid, an 
alkali, and a neutral body. 

1 , Mode of determining the equivalent of an acid. — For this purpose it is neces- 
sary to analyse a salt, the constitution of which is known. If the base or metallic 
oxide in the salt is one of which the atomic weight is well established, it is very easy 
to determine the combining proportion of the acid. We say, as the percentage of 
oxide is to the percentage of aci# so is the atomic weight of the oxide to the atomic 
weight of the acid. Example ; — Butyrate of silver has the following composition 


Oxide of silver 59*487 

Butyric acid - 40*513 


100*000 

We therefore say : — 

59*487 : 40*513 :: 116 ; 79 000 

> V ' » ' • \ , 

Percentage of oxide Percentage of acid. Equivalent of oxide Equivalent of the 
of Sliver. of silver. acid. 

It must be remembered that the atomic weight bo obtained is that of the anhydrous 
acid, so that one equivalent of water must be added to find the atomic weight of the 
acid in its ordinary condition. If the equivalent desired be that of a hydrogen acid, 
the method of proceeding must be slightly modified, but the details need not be given 
as they are self-evident. 

2. Mode of determining the equivalent of an alkali — Several methods present them- 
selves, each possessing certain advantages. Most alkalies, organic and inorganic, 
form salts well adapted for enabling their atomic weight to be ascertained "by analysis! 
We shall select as an example ammonia, and the salt employed to settle the atomic 
weight will be the sulphate, which contains: — 

Oxide of ammonium 39*40 

Sulphuric acid - - - - - - - 60 60 

100*00 

In the same way that an oxide of known coraposition is the datum employed to 
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determine the equivalent of an acid, so, on the other hand, an acid, the formula of 
■which is well established, serves to enable the formula of an alkali to be deduced. We 
therefore say : — 

60’60 : 39*40 :: 40'00 : 26-00 

• V ^ V ' ^ ■ > I— ; 

Percentage of acid. Percentage of alkali. EquiFalpot of the Equivalent of the 

acid. ^kdli. 

Most alkalies, especially those derived from the organic kingdom, form well defined 
and easily crystallisable compounds with some of the metallic chlorides, especially 
tho&q of gold, platinum, and palladium. These salts are well adapted for enabling 
atomic weights to be fixed. 

3. Mode of determining the equivalent of a neutral substance. — Neutral bodies are 
formed upon so many models or types that no general method can be given for the 
required purpose. If volatile at moderate temperatures, the density of the vapour can 
be ascertained, and this is generally sufficient. Salts have their equivalents found 
hy determining the percentage composition, and proceeding as in examples 1 and 2. 
The equivalent of a metal is found by forming a compound with some substance, the 
atomic weight of which is well known, such as oxygen or sulphur. The compound is 
then carefully analysed. Exasiple; — It has been found that 100 parts of oxide of 
copper contain 

Copper 8000 

Oxygen 


We therefore say: — 

20*00 : 8000 
t ^ , y- ■■ ! 

Percentage of Pcrccmage of 

oxjgen. copper. 

A precisely analogous mode of proceeding may be adopted with chlorides, iodides. &c. 

A careful study of the numbers in the following tables will enable us to observe 
numerous and highly interesting relations snbsisting between them. It has been 
shown by M. Dumas that certain families or groups of elements fall into natural triads, 
owing to the relations between their atomic weights. With bodies of this kind, it is 
found that, if the sums of the atomic weights of the extremes of the series he divided 
hy two, we obtain the atomic weight of the middle body ; thus : — 


20-00 

100-00 


8-00 


32-00 


Equivalent of 
oxygen. 


I. II. 

Chlorine 35*5 Sulphur 16*00 Lithium 

Iodine 127*0 Tellurium 64*00 Potassium 

= 81*2j =*4000 

162 *5 80-00 


III. 

7*00 

39*00 

«23*00 

46*00 


2 2 2 
The triads here are i. chlorine, bromine, and iodine •, n. sulphur, selenium, and 
tellurium; iii. lithium, sodium, and potassium. Space will not allow of the subject 
being developed at greater length in this work. The student, interested in this branch 
of chemistry, will find much information in the papers of Dr. Odling, recently pub- 
lished in the Journal of the Chemical Society. 


Table of the Equivalents, ^*c.. of the Non-metallic Elements. 


N.iirc. 

S}ir.bol. 

E(|uivalent 

Density as Va- 
pour or Gas. 

Bromine - 


. 




. 

Br 

80*00 

5*4110 

eSrbon 



. 

- 


- 

C 

6-00 

0-8290 

Chlorine - 




- 

- 

- 

Cl 

35-50 

2*4530 

Fluorine 

- 

- 

. 


- 

- 

FI 

19-00 

1 3-270 

Hvdrogen - 

- 

. 

. 

- 

- 

- 

H 

1*00 

0-0692 ♦ 

Iodine , - 

- 

_ 


. 

- 

- 

I 

127 00 

8-7S27 

Nitrogen - 

- 

. 

- 


- 

- 

N 

14-00 

09713 

Oxvgen 

- 

- 

. 

- 

- 

- 

O 

8 00 

1-1056 

Phosphorus 

- 


- 



- 

P 

32-00 

4*2840 

Selenium - 


- 

- 

- 

- 

- 

Se 

40-00 

7-6960 

Sulphur 

- 

- 

- 

- 

- 

- 

s 

16-00 

2-2140 







a. 


m 



[Note. — The densities of the vapours of carbon, selenium, and fluorine are 
hypotbeticaL That of sulphur is usually represented by a number three times as 
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great as the above, bat this is owing to the experiment not having been performed at 
a sufficiently high temperature.] 


Table of the Equivalents of the Metallic Elements. 


Name. 

Symbol. 

Equivalent 
H = 1 

Sp' cific 
Giavity. 

Aluminium 

. 

. 

. 

. 



A1 

1.1-G7 

2-56 

Antimony 

- 

- 

- 

- 

- 

- 

Sb 

129-00 

6-70 

5-'&7 

Arsenic 


. 

. 

. 

- 

- 

As 

75’00 

Barium 

- 


- 


- 

- 

Ba 

68-50 

4-70 

Bismuth 

. 

. 

. 


- 

- 

Bt 

213-00 

9-80 

Boron 

- 

- 

. 

- 

. 


B 

11-00 

2 68 

Cadmium - 



. 

- 

- 

- 

Cd 

5C-00 

8-63 

Calcium 

- 

. 

- 

- 

- 

- 

Ca 

20*00 

1-58 

Cerium 



_ 

- 

- 


Ce 

46*00 


Chromium 



- 

- 

. 

- 

Cr 

26*27 

5-90 

Cobalt 

. 


. 

- 


- 

Co 

29*50 

8*53 

Copper 

- 

- 

- 

- 

- 

- 

Cu 

32 00 

8-72 

Didvmium - 

. 

. 


. 

. 

- 

D 

4S 00 


Erbium 


- 

- 

- 

- 

- 

E 



Glucinum * 

- 

. 

_ 

- 

- 

- 

G 

6-97 


Gold - 

- 

- 


- 

- 

- 

All 

OS 33 

19 4 to 19 '! 

Ilmenium - 

- 


- 



- 

11 



Iridium 


- 

- 

- 

- 

- 

Ir 

flS-.lG 

i8-i;3 

Iron • 

. 

. 

. 

- 

. 

. 

Fe 

2S'00 

7-84 

Lanthanium 



• 

. 

- 

- 

I.a 



Dead - 




. 

- 

- 

Pb 

104 00 

11-30 

Lithium 

• 


. 

. 

. 

- 

L 

7 ’00 

0-5030 

Magnesium 



. 

- 

- 

. 

Mg 

12-00 

1-75 

iManganesd 

. 

, 

. 

. 

• 

. 

Mu 

26-00 

8-00 

Mercury - 

. 

- 

- 

• 

- 

- 

Hg 

lOO'OO 

13 .50 

Molybdentnn 


• 

. 

. 

- 

. 

M 

48-00 

8-60 

Nickel 


. 

. 

. 

. 


Ni 

29-50 

8-63 

Niobium - 

. 

. 

• 

. 


. 

Nb 



Osmium 

. 



. 



Os 

99-41 

10-0 

Ealiadium - 

. 

. 

- 


. 

. 

Pd 

53-24 

11-50 

Platinum - 

• 


. 


- 

- 

Pt 

99-00 

21-50 

Potassium - 



• 


. 


K 

39-00 

0-805 

Rhodium - 

- 


- 

- 

- 

- 

Ro 

52-16 

n-20 

Ruthenium 

w 

« 

. 

- 

- 


Ru 

52-11 

8-60 

Silicon 

- 

- 

. 

- 

- 

- 

Si 

21 00 


Silver 


- 

- 

- 

- 

- 


108 00 

10-43 

Sodium 


- 


- 

- 

- 

Na 

23 00 

0-97 

Strontium - 

- 

- 

- 

- 

- 


Sr 

44-00 

2-54 

Tantalum - 


. 

. 



. 

Ta 



Tellurium - 

- 

- 

. 

- 



Te 

64-08 

6-30 

d ’erbium 

- 

. 




_ 

Tb 


Thorium 

- 

- 


- 

. 


Th 

59-50 


I in - 


w 

- 

- 

- 

- 

Sn 

59-00 

7-29 

Titanium - 

- 

- 

- 

- 

- 

. 

Ti 

24*12 

5-28 

Tumrsten - 

- 

- 

- 

- 

- 

- 

W 

92-00 

17-2 to 17-6 

Uranium - 


- 

- 

- 

- 

- 

u 

60-00 

10-15 

Vanadium - 

- 

- 

- 

- 


- 

V 

68-46 



- 

- 

- 




Y 



Zinc - 

- 

- 

- 

- 


- 

Za 

32-52 

6-91 

- Zirconium - 

■* 

“ 



" 

• 

Zr 

33-58 


It will be seen, from the above table, that a very considerable number of the equiva- 
lents are entire multiples of that of hydrogen. M. Dumas and others have, however, 
shown by elaborate and conclusive experiments, that the doctrine of the equivalents 
of all elements being multiples of that of hydrogen is not a law of nature, as, in 

adiiition to chlorine, there are several undoubted exceptions. C. G, W. ’ ' 

EREMACAUSIS, — sW combustion. This term has been applied to that constant 
combination of oxygen with carbon and bydrogi n, to form carbonic acid and water, 
winch is unceasingly going on in nature, as i» the decay of timber, or the “ heating ” 
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of hay or grain put together in a moist state. Perfect dryness, and a temperature 
below freezing, stops this eremacausis, or slow combustion. 

ERYTHRIC ACID. Colorific principle of Angola and Madagascar Orchilla 
weeds (See Orchilla.) By macerating the lichen in milk of lime, Stenhouse ob- 
tained 12 per cent, of crude erythric acid. It yields red coloured compounds with 
ammonia, and also in its reaction with hypochlorite of lime. See Lichen. 
ERMINE. See Fur. 

ERRATIC BLOCKS. Rounded and weather-worn fragments of the harder 
rocks, which are found -very widely scattered, at great distances from the places fioiu 
whicTi they are supposed to have been derived. They are generally supposed to have 
been removed by the transporting power of icebergs and fields of ice. 

ESPARTO. A species of rush — the Stipu tcnacisi>imu — found in the southern 
provinces of Spain, It is used for making cordage, shoes, matting, baskets, nets, 
mattresses, sacks, &;c. Cables made of esparto are said to be excellent ; being light, 
they float on the surface of the water, and are not therefore so liable as hempen cables 
to be cut or injured by a foul bottom. — M'^Calloch, 

ESSENCE OF SPRUCE is prepared by boiliilg the young tops of the Abies nigra, or 
black spruce, in water, and concentrating the decoction by evaporation in a water bath. 

ESSENCES. See Perfumery. 

ESSENTIAL OILS. See Oils, fixed and essential, and Otto. 

ESSENCE D’ORIENT, the name of a pearly looking matter procured from the 
blay or bleak, a fish of the genus cyprinns. This substance, which is found princi- 
pally at the base of the scales, is used in the manufacture of artificial pearls. A large 
(.piantity of the scales being scraped into water in a tub, are there rubbed between the 
liandsto separate the shining stuff, which subsides on repose. The first water being 
decanted, more is added with agnation till the essence is thoroughly washed from all 
impurities, when the whole is thrown upon a sieve ; the substance passes through, but 
the scales are retained. The water being decanted off, the essence is procured in a 
viscid state, of a bluish-white colour, and a pearly aspect. The intestines of the 
same fish are also covered with this beautiful gUsteniDg matter. Several other fish 
yield it, but in smaller proportion. When well prepared, it presents exactly the ap- 
pearance and reflections of the real pearl, or the finest mother of pearl ? properties 
which are probably owing to the interposition of some portions of this same substance 
between the laminae of these shelly concretions. Its chemical nature has not been 
investigated ; it putrefies readily when kept moist, an accident which may however 
be counteracted by water of ammonia. See Pearls. 

ETCJHING VARNISH. {Aetzyrund^Deckfirmss, Germ.) Though the practice 
of this elegant art does not come within the scope of our Dictionary, the preparation of 
the varnishes, and of the biting menstrua which it employs, legitimately belongs to it. 

The varnish of Mr. Lawrence, an English artist resident in Paris, is made as 
follows : Take of virgin wax and asphaltum, each two ounces, of black pitch and 
burgundy-pitch, each half an ounce. Melt the wax and pitch in a new earthenware 
glazed pot, and add to them, by degrees, the asphaltum, finely powdered. Let the 
whole boil till such time as that, taking a drop upon a plate, it will break when it is 
cold, on bending it double two or three times betwixt the fingers. The varnish, 
being then enough boiled, must be taken off the fire, and after it cools a little, must be 
poured into warm water, that it may work the more easily with the hands, so as to be 
ibnned into balls, which must he kneaded, and put into a piece of t.jffety for use. 

Care must be taken, first, that the fire bo not too violent, for fear of burning the in- 
gredients, a slight simmering being suflicient ; secondly, that whilst the asphaltum is 
putting in. and even after it is mixed with the ingredients, they should be stirred con- 
tinually with the spatula; and, thirdly, that the water into which this composition is 
thrown should be nearly of the same degree of warmth with it, in order to prevent a 
kinikof cracking that happens when the water is too cold. 

Preparation of the hard varnish used by Callot, commonly called the Florence Var- 
nish. — Take four ounces of fat oil very clear, and made of good linseed oil, like that 
used by painters; heat it in a clean pot of glazed earthenware, and afterwards put to 
four ounces of mastick well powdered, and stir the mixture briskly till the whole he well 
melted, theff pass the mass through a piece of fine linen into a glass bottle with a long neck, 
that can be stopped very securely ; and keep it for the use tliat will be explained below. 

Method qJ applying the soft varnish to the plate, and of blackaiing it. — The plate 
being well polished and burnished, as also cleansed from all greasinoss by chalk or 
Spanish white, fix a hand-vice on the edge of the plate where no work is intended to 
be, to serve as a handle for managing it when warm ; then put it uipn a chafing-dish, 
in which there is a moderate fire, and cover the whole jilate equally with a thin coat 
of the varnish ; and whilst the plate is warm, and the varnish upon it in a fluid state, 
beat every part of the varnish gently with a small ball or dauber made of «)Uon 
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tied up in taffety, ■which operation smooths and distributes the varnish equall over 
the plate. 

When the plate is thus uniformly and thinly covered -with the varnish, it must be 
blackened by a piece of flambeau, or of a large candle which affords a copious smoke ; 
sometimes two or even four such candles are used together for the sake of despatch, 
that the varnish may not grow cold, which if it does during the operation, the plate 
must be heated again, that it may be in a melted state when that operation is performed ; 
but great care must be obtained not to burn it, which when it happens may be easily 
perceived by the varnish appearing burnt and losing its gloss. 

The menstruum used and recommended by Turrcll, an eminent London arti^', for 
etching upon steel, ■was prepared as follows : — ■ 


Take Pyroligneous acid 4 parts by measure, 

Alcohol 1 part, mix, and add 

Nitric acid I part. 

This mixed liquor is to be applied from 1 to 15 minntes, according to the depth 
desired. The nitric acid was employed of the strength of 1*28 — the double aquafortis 
of the shops. 

The euu forie or menstruum for copper, used by Callot, as also by Piranesi, with a 
slight modification, is prepared, with 8 parts of strong French vinegar, 

4 parts of verdigris, 

4 ditto sea salt, 

4 ditto siil ammoniac, 

I ditto alum, 

IG ditto water. 


The solid substances are to be well ground, dissolved in the vinegar, and diluted 
with the water ; the mixture is now to be boiled for a moment, and then set aside to 
cool. This method is applied to the washed, dried, and varnished plate, after it has 
suffered the ordinary action of aquafortis, in order to deepen and finish the delicate 
touches. It is at present called the eau forte a passer. 

ETHER, C^H®0. (Or, for four volumes of vapour, For the nature of four- 

volume formulae, see the articles Equivalents, Chemical, and Formula.) Syn, 
Sulphuric ether, Oxide of ethyle, Ethylic or Vinic ether, See. &c. By this term is known 
the very volatile fluid produced by the action on alcohol of substances having a power- 
ful affinity for water. 

Preparation on small scale. — A capacious retort with a moderate sized tubulature is 
connected with an efficient condensing arrangement. Through the tubulature passes 
a tube connected with a vessel full of spirit, sp. gr. 0-83. The tube must have a stop- 
cock to regulate the flow. A mixture being made of five parts of alcohol of tbe density 
given above, and nine parts of oil of vitriol, it is to be introduced into the retort, and 
a lamp flame is to be so adjusted as to keep the ■wlndc gently boiling. As soon as the 
ether begins to come over, the stopcock connected with the spirit reservoir is to be 
turned sufficiently to keep the fluid in the retort at its original level. 

Preparation on large scale. — The apparatus is to be arranged on the same principle, 
but, for fear of fracture, may be constructed of cast iron, lined with sheet lead in the 
part containing the mixture. The chief disadvantage of this arrangement is its 
opacity, whereby it becomes impossible to see the contents of the retort, and there- 
fore not so easy to keep the liquid at its original level. In this case the quantity dis- 
tilling over must be noted and the flow of spirit into the retort regulated accordingly. 
The most convenient mode of proceeding is to have a large stone bottle with a tubu- 
lature at the side near the bottom (like a water filter) to hold the spirit. A tube passes 
from tile bottle to the retort. It has at the end, near the retort or still, a bend downwards 
leading into the tubulature. If a glass still be used it must for safety be place^^in a 
sand bath. The distillate obtained, either on the large or small scale, is never pure 
ether, but contains sulphurous and acetic acids, besides water and alcohol. To 
remove these, the distillate is introduced, along with a little cream of lime, into alarge 
seprating globe, such as that mentioned under Bromine. The whole is to be -well 
agitated, and the lyne solution then run oft* by means of the stopcock. The purified 
ether still conj^ns alcohol and water, to remove which it should be rectified in a 
water bath. The fluid will then constitute the ether of commerce. If the second 
distillation be pushed too far the ether will, if evaporated on the hand, leave an un- 
pleasant after smell, characteristic of impure ether. If ’w'ished exceedingly pure, it 
must be shaken up m the separating globe, -B-ith pure water. This will dissolve 
the alcohol aiid leave the ether, contaminated only by a little water, which may be 
removed by digestion with quicklime and redistillation at a very low temperature on 
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Tare ether is a colourless motile liquid, sp. gr. 0-71. It hods at 9 d'= F. 
densitv of its vapour is 2 '56 (calculated). Gay-Lussac found it 2 586. 

The word ether, like that of alcohol, aldehyde, &c., is now used as a generic term 
to Lurrsfa body derived from an alcohol hy the elimination of water. Many chemists 
write^the formula C'H^O, and call it oxide of ethyl m the same manner as they rtgaid 
ricohol a th” hydrated oxide of the same radical. But there is no just reason tor 

S^w hi manradvan^ with Gerhardt and Williamson, idher 

and alcohol as derived from the type water. Alcohol is two atoms of v ater in v hich 
“etutln\ of hydrogen is replaced hy ethjde; ZreteTlig: 

which both atoms of hydrogen are replaced by 

class of compound ethers procurable by a variety of processes. The»e ethers were 
long regarded as salts in which oxide of ethyle acted the part of a base. Thus, w hen 
butf rate of soda was distilled with alcohol and sulphuric acid, the resulting P™duct 
was rf^rded as butyrate of oxide of ethyle. The compound ethers are regarded as 
two atoms of water in which one equivalent of hydrogen is replaced by the radical Oi 
an alcohol, and the other by the radical of an acid. In addition ‘^ose there are 
others more closely resembling the simple ethers. They ar^ founded also on the 
water type both atoms of hydrogen being replaced by alcohol radicals, but by 
different" mdividuals. They are called mixed ethers. The following formula! show 
AfchemlcM constitution of all these varieties placed for comparison m juxtaposition 
with their type 1 - 

Water'cleqs.) ether. Mcthylo-ethylic elhcr. Butvric ether. 

In the above formula the first represents the type water. The second common ether, 
the two eniiivalents of ethyle replacing the two of hydrogen. In the third, we hay o a 

mixld ether, one of the equivalents of hydrogen being replaced by ethyle and the other 

bv nie-h\le The fourth illustration is that of a compound ether . one of the hjdro- 
eLris tiicre replaced by ethj lo, and the other by the oxidised radical of butyric acid. 

® Ether S largely used lu medicine and chemistry. In small doses it ac s as a power- 
ful stimulant. ® Inhaled in quantity it is an anmsthctic. It is a most invaluable solvent 
in organic chemistry for resinous, fatty, and numerous other bodies. C. G. 

ETllER ACETIC, is used to flavour silent corn spirits in making imitation 
brandy it requires therefore some additional notice beyond the other ethers. "'ny 
be prepared bv mixing 20 parts of acetate of lead, 1 0 parts of alcohol, and 1 U of 
cLSratcd sulphurie acid 1 or 16 of the anhydrous acetate, o of the acid, and 4i of 
absolute alcohol ! distilling the mixture in a glass retort into a very cold receiver, 
amtating along with weak potash lye the liquor w hich comes over, decanting the 
Xelnafant ether, and rectifying it by re-distillation over magnesia and ground 

‘"''Aeetfc ether is a colourless liquid of a fragrant smell and pungent taste, of spec. 
gr.w 0-866 at 45° F., boiling at 166° F., burning with a yellowish flame, and disen- 
gaging fames of acetic acid. It is soluble in 8 p.irts of water. , , „ - 

® Acetic ether may be economically made with 3 parts of acetate of potaai, .3 of very 
strong alcohol, and 2 of the strongest siilpliunc acid, d'Milled together. I Im first pro- 
duct must he re-distilled along with one-fifih of its weight of sulphuric acid ; as much 

ether will he obtained as there was alcohol employed. 

ETHIOPS was the name given by the alchemists to certain black metallic prepara- 
tions. Martial ethiops was the black oxide of iron mineral cthiops, the black sul- 
phuret of mercury ; and ethiops per se, the black o^de of mercury. Wnrtr 

^ ETHYL.\MINE C’lFN. An exceedingly volatile base, discovered by vvurtz. 
It 1* produced in a’ great number of reactions. Several alkaloids existing in t le 
animal and vegetable' kingdoms afford ethylamme on distillation with pot^h. t 
Lnsity at 476°, is 0-964. It bolls at 66° F. It is regar^d as ammonia m which 

an equivalent of hydrogen is replaced by olhjle.— C. O. >V. ^ 

ETIOLATION. Deprived of colour by being kept m the dark. Celer\ , a a-kale, 
and sometther plants are purposely Wm.eA«i or etiolated hy excluding die l.gh , 
this exclusion preventing the formation of chlorophyll, the green colouriUj, matter o 

*^^EUCALYPTUS. The gum tree of the New Hollanders. Mr. Backhouse (Cum- 
prnnon lo the Botanical Magazine-) savs, “ ^Ye often find large cavities between the 
annual concentric circles of the trank filled with a most heaut.M I”" 
milion coloured liquid gum, which flows out as soon as the 

opening. The gum yielded hy the Eucalyptus resiinjtra is considered by druggists 
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as not in tlie least inferior to the kind which the pterocarpus or red saunJers 
wood of India prodaces. 

EUDIOMETER, is the name of any apparatus subservient to the chemical exami- 
nation of the atmospheric air. It means a measure of purity^ but it is employed merely 
to determine the proportion of oxygen which it may contain. The explosive eudio- 
meter, in which about two measures ofhydrogen are introduced into a graduated gla'^s 
tube, containing five measures of atmospheric air, and an electric spark is passed 
across the mixture, is the best of all eudiometers ; and of these, the siphon form pro- 
posed by Dr. Ure in a paper published by the Royal Society of Edinburgh in 1819 is 
tbe most convenient. 

EUGENIA. A genus of plants of the order Myrtaceae, called after Prince Eugene 
of Savoy. 

The most remarkable species of this genus is the allspice, or pimento tree. See 
Pimento. 

EUKAIRITE. An ore of silver found in a copper mine in Sweden. According to 


Berzelius it consists of, 

Selenium - -- -- -- - 26* 

Silver - _ - 38-93 

Copper -------- - 23*03 

Earthy matter ------- 8'90 

Carbonic acid, &c. ------- 3*12 


EITPIONE. A fluid first discovered by Reichenbach in wood tar. All the 
properties of eupione agree with the indifferent hydrocarbons found in Boghead 
naphtha. (See Naphtha, Boghead.) Eupione is .so indifferent to the action of 
acids, that it maybe repeatedly treated with concentrated oil of vitriol, or fuming 
nitric acid, without any action taking place. Its density varies with the boiling 
point, from 0*633 to 0 '740. It is said to be contained among the products of the 
distillation of rape oil. There is no doubt that these hydrocarbons will, eventually, 
be of great value in tlffe arts. — C. G. W, 

EURITE. A granulous compound of feldspar and quartz, with sometimes garnet. 
“ It generally occurs as veins, or as local masses in other granites, and rarely, 1 be- 
lieve, as veins traversing other rocks at a distance from granite. These, therefore 
are probably veins of segregation, or of injection during consolidation, and not of sub- 
sequent formation.” — Jukes's Studenfs Manual of Geology. 

EVAPORATION (Eng. and Fr. ; Abdanipfen; Abdunsteny Germ.) is the process 
by which any substance is converted into, and carried off, in vapour. Though ice, 
camphor, and many other solids evaporate readily in dry air, we shall consider, at 
present, merely the vaporisation of water by heat artificially applied. 

The vapour of water is an elastic fluid, whose tension and density depend upon the 
temperature of the water with which it is in contact. Thus the vapour rising from 
water heated to 165*^ F. possesses an elastic force capable of supponing a column of 
mercury 10*8 high; and its density is such that 80 cubic feet of such vapour contain 
one pound weight of water; whereas ‘>24 cubic feet of steam of the density corre- 
sponding to a temperature of 212° and a pressure of 30 inches of mercury, weigh one 
pound. When the temperature of the water is given, the elasticity and specific gravity 
of the vapour emitted by it, may be found. 

Since the vapour rises from the water only in virtue of the elasticity due to its gaseous 
nature, it is obvious that no more can be produced, unless what is already incumbent 
upon the liquid have its tension abated, or be withdrawn by some means. Suppose the 
temperature of the water to be midway between freezing and boiling, viz. 122° Fahr., 
as also that of the air in contact with it to be the same, but replete with moisture, so 
that its interstitial spaces are filled with vapour of corresponding elasticity and specific 
gravity with that given off by the water, it is certain that no fresh formation of vapour 
can take place in these circumstances. But the moment a portion of vapour is allos-ed 
to escape, or is drawn off by condensation to another vessel, an equivalent portion of 
vapour will be immediately exhaled from the water. 

^ The pressure of the air and of other vapours upon the surface of water in an open vessel, 
doesnot prevent evaporation of the liquid ; it merely retards its progress. Experience 
shows that the space filled with an elastic fluid, as air or other gaseous bod^, is capable 
receiving as much aqueous vapour as if it were vacuous, only the repletion of that 
space with the vapour proceeds more slowly in the former predicament than in the 
latter, but in both cases it arrives eventually at the same pitch. Dr. Dalton very 
ingeniously proved, that the particles of aeriform bodies present no permanent obstacle 
to the introductionTpf a gaseous atmosphere of another kind among them, but merely 
obstruct its diffusion momentarily, as if by a species of friction, lienee, exhalation at 
atmospheric temperatures is promoted by the mechanical diflPusion of the vapours 
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through the air with ventilating fans or chimney draughts ; though under brisk ebul- 
lition, the force of the steam readily overcomes that mechanical obstruction. 

The quantities of water evaporated under different temperatures in like times, are 
proportional to the elasticities of the steam corr^ponding to these temperatures. A 
vessel of boiling water exposing a square foot of surface to the fire, evaporates about 
725 grains in the minute; the elasticity of the vapour is equivalent to 30 inches of 
mercury. To find the quantity that would be evaporated from the same surface per 
minute at a heat of 88° F. : — At this temperature the steam incumbent upon water is 
capable of supporting 1*28 inch of mercury ; whence the rule of proportion is 30 : 
1*28 725 : 30'93 ; showing that about 31 grains of water would be evaporated in 

the minute. If the air contains already some aqueous vapour, as it commonly does, 
^then the quantity of evaporation will he proportional to the difference between the 
elastic force of that vapour, and what rises from the water. 

Suppose the air to be in the hygrometric state denoted by 0-38 of an inch of 
mercury, then the above formula will become 30 : 1 *28 — 0 38 : : 725 : 2 1 *41 ; show- 
ing that not more than 21^ grains would be evaporated per minute under these 
circumstances. 

The elastic tension of the atmospheric vapour is readily ascertained by the old ex- 
periment of Le Roi, which consists in filling a glass cylinder (a narrow tumbler for 
example) with cold spring water, and noting its temperature at the instant it be- 
comes so warm that dew ceases to he deposited upon it This temperature is that 
which corresponds to the elastic tension of the atmospheric vapour. See Vapour, 
Table of. 

Whenever the elasticity of the vapour, corresponding to the temperature of the 
water, is greater than the atmospheric prepare, the evaporation will take place not 
only from its surface, hut from every point in its interior ; the liquid particles 
throughout the mass assuming the gaseous form, as rapidly as they are actuated by 
the caloric, which subverts the hydrostatic equilibrium among them, to constitute the 
phenomena of ebullition. This turbulent vaporisation takes place at any temperature, 
even down to the fieezing point, provided the pneumatic pressure he removed from 
the li<(uid by the air pump, or any other means. Ebullition always accelerates e^a- 
poratlon, as it serves to carry* off the aqueous particles not simply from the surface, 
but from the whole body of the water. 

The vapours exhaled from a liquid at any temperature contain more heat than the 
fluid from which they spring ; and they cease to form whenever the supply of heat 
into the liquid is stopped. Any volume of water requires for its conversion into 
vapo tr about Jive times as much heat as is sufficient to heat it from the freezing to the 
boiling temperature. The heat, in the former case, seems to be absorbed, being inap- 
preciable by the thermometer; for steam is no hotter than the boiling water from 
which it rises. It has been therefore called by Dr. Black, latent heat; in contradis- 
tinction to that perceived by the touch and measured by the thermometer, which is 
called sensible heat. The quantity of heat absorbed by one volume of water in its con- 
version into steam, is about 1000° Fahr, ; it would be adequate to heat 1000 volumes 
of water, one degree of the same scale. W'ere the vessel charged with water so 
heated, opened, it would be instantaneously empti^ by vaporisation, since the whole 
caloric, equivalent to its constitution as steam, is present. When upon the other hand, 
steam is condensed by contact with cold substances, so much heat is set free as is 
capable of heating about five times its weight of water from 32° to 212° F. 

Equal weights of vapour of any temperature contain equal quantities of heat ; for 
example, the vapour exhaled from one pound of water, at 77° F., absorbs during its 
formation, and willgive out in its condensation, asnuich heat as the steam produced by 
one pound of water at 212° F. The first portion of vapour with a tension =30 inches, 
occupies a space of 27*31 cubic feet ; the second, with a tension of 0*92 inch, occupies 
a space of 890 cubic feet.* Suppose that these 890 volumes were to be compressed 
into^7‘3l in a cylinder capable of confining the heat, the temperature of the vapour 
would rise from 77° to 212°, in virtue of the condensation, as air becomes so hot by 
compression in a syringe, as to ignite amadou. The latent heat of steam at 212° F. is 
1180° — 180=:1000; that of vapour, at 77°, is 1183 — 45=sll35 ; so that, in fact# 
the lower the temperature at which the vapour is exhaled, the greater is its latent heat, 
as Joseph Black and James Watt long ago proved by experiments upon distillation 
and the steam engine. 

From the preceding researches it follows, that evaporation may be effected upon 
two different plans : — . 

1. Under the ordinary pressure of the atmosphere; and that either, 

• One pound avoirdupois of water contains 27 72 cubic inches ; one cubic in^^ of water forms lf»06 
cubic inches of steam at 212° F. : therefore one pound of fisAex mil form 27’31 cubic feet of such steam ; 
and 0-93 : 30 : : 27*31 : HOO cubic feet. 
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A, by external application of heat to boilers, with a, an open fire ; b, steam ; c, hot 
liquid media. 

B, by evaporation with air ; a, at the ordinary temperature of the atmosphere ; h, 
by currents of warm air. 

2. Under progressively lower degrees of pressure than the atmospheric, down to 
evaporation in as perfect a vacuum as can be made. 

It is generally affirmed, that a thick metallic boiler obstructs the passage of the 
heat through it so much more than a thin one, as to make a considerable difference in 
their relative powers of evaporating liquids. Dr. Ure states that he made a series of 
experiments upon this subject. Two cylindrical copper pans, of equal dimensions, 
were provided; but the metal of the one was twelve times thicker than that or the 
other. Each being charged with an equal volume of water, and placed either upon 
the same hot plate of iron, or immersed, to a certain depth, in a hot solution of muriate 
of lime, he found that the ebullition was greatly more vigorous in tlic thick than 
in the thin vessel, which he ascribed to the conducting substance up the sides, above 
the contact of the source of heat, being 12 times greater in the former case than in the 
latter. 

If the bottom of a pan, and the portions of the sides, immersed in a hot fluid medium, 
solution of caustic potash or muriate of lime, for example, be corrugated, so as to con- 
tain a double expanse of metallic surface, that pan will evaporate exactly double the 
quantity of water, in a given time, which a like pan, with smooth bottom and sides, 
will do immersed equally deep in the same bath. If the corrugations contain three 
times the quantity of metallic surface, the evaporation will be threefold in the above 
circumstances. But if the pan, with the same corrugated bottom and sides, be set 
over a fire, or in an oblong flue, so that the current of flame may sweep along the cor- 
rugations, it will evaporate no more water from its interior than a smooth pan of like 
shape and dimensions placed alongside in the same flue, or over the same fire. This 
curious fact Dr. Ure states he has verified upon models constructed with many modi- 
fications. Among others, he caused a cylindrical pan, 10 inches diameter, and 6 
inches deep, to be made of tin-plate, with a vertical plate soldered across its diameter ; 
dividing it into two equal semi-cylindrical compartments. One of these was smooth 
at the bottom, the other corrugated ; the former afforded as rapid an evaporation over 
the naked fire as the latter, but it was far outstripped by its neighbour when plunged 
into the heated liquid medium. 

If a shallow pan of extensive surface be heated by a subjacent fire, by a liquid 
medium, or a series of steam pipes upon its bottom ; it will give olf less vapour in the 
same time when it is left open, than when partially covered. In the former case, the 
cool incumbent air precipitates by condensation a portion of the steam, and also op- 
poses considerable mechauidal resistance to the diffusion of the vaporous particles. 
In the latter case, as the steam issues with concentrated force and velocity from the 
contracted orifice, the air must offer less proportional resistance, upon the known 
hydrostatic principle of the pressure being as the areas of the respective bases of the 
communicating vessels. 

In evaporating by surfaces heated with ordinary steam, it must be borne in inlnd 
that a surface of 10 square feet will evaporate fully one pound of water per minute, or 
725 X 10s»7250 gr., the same as over a naked fire ; consequently the condensing sur- 
face must be equally extensive. Suppose that the vessel is to receive of water 2500 lbs , 
which corresponds to a boiler 5 feet long, 4 broad, and 2 deep, being 40 cubic feet by 
measure, and let there he laid over the bottom of this vessel 8 connected tubes, each 
4 inches in diameter and 5 feet long, possessing therefore a surface of 4'8 feet square. 
If charged with steam, they will cause the evaporation of half a pound of water per 
minute. The boiler to supply the steam for this purpose must expose a surface of 4 8 
square feet to the fire. It has been proved experimentally that 10 square feet surface 
of thin copper can condense 3 lbs. of steam per minute, with a difference of tempera^ 
turc of 90 degrees Fuhr. In the above example, 10 square feet evaporate 1 IJb. of 
water per minute ; the temperature of the evaporating fluid being 212° F., conse- 
quently 3:1 :: 90 : During this evaporation the difference of the temperature is 

therefore = 30°. Consequently the heat of the steam placed in connection with the 
interior of the boiler, to produce the calculated evaporation, should be, 212 + 30 = 
242°, corresponding to an elastic force of S3 6 inches of mercury. ‘Werc'tbe tempe- 
rature of the steam only 224, the .‘•ame boiler in the same time' would produce a di- 
minished quantity of steam, in the proportion of 12 to 30 ; or to produce the same 
quantity the boiler or tubular surface should be enlarged in the proportion of 30 to 
12. In general, however, steam boilers employed for this mode of evaporation are of 
such capacity as give an unfailing supply of steam. 

We shall now illustrate by some peculiar forms of apparatus, different systems of 
evaporation. Fig. 729 explains the principles of evaporating in vacuo, a b repre- 
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sents a pan or kettle charged with the liquor to he evaporated. The somewhat wide 
orifice c, secured with a screw-plug, serves to admit the hand for the purpose of 

729 



cleaning it thoroughly out when the operation is finished ; h is the pipe of communi- 
cation with the steam boiler; 6 is a tube prolonged and then bent down with its end 
plunged into the liquor to be evaporated, contained in the charging hack (not shown 
in the figure). H is a glass tube communicating with the vacuum pan at the top and 
bottom, to show by the height of the column the quantity of liquid within. The 
eduction evaporating pipe c is provided with a stop-cock to cut off the communication 
when required, t is a tube for the discharge of the air and the water from the steam- 
case or jacket ; the refrigerator e is best formed of thin copper tubes about 1 inch in 
diameter, arranged zig-zag or spirally like the worm of a still in a eylinder. The 
small air-tight condenser F, connected with the eSBux pipe f of the refrigerator, is 
furnished below with a discharge cock g, and surround^ by a cooling case, for the 
collection of the water condensed by the refrigerator. In its upper part there is a 
tube k, also furnished with a cock, which communicates with the steam boiler, and 
through which the pan A B is heated. 

The operation of this apparatus is as follows; after opening the cocks c,/, g, and 
before admitting the cold water into the condenser e, the cock of the pipe h is opened, 
in order that by injecting steam it may expel the included air; after which the cocks 
k and g are to be shut. The water must now be introduced into the condenser, and 
the cock b opened, whereon the liquid to be evaporated rises from the charging back, 
through the tube b, and replenishes the vacuum pan to the proper height, as shown by 
the register glass tube H. Whenever the desired evaporation or concentration is 
effected, the cock c must be closed, the pipe k opened, so as to fill the pan with steam, 
and then the efflux cock a is opened to discharge the residuary liquor. By shutting 
the cocks a and k, and opening the cock b, the pan will charge itself afresh with liquor, 
and the operation will be begun anew, after i has been shut and c opened. 

The contents of the close water cistern f, may be drawn off during each operation. 
For this purpose, the cock f must first be shut, the cold water is to be then rnn out of 
the condenser g, and k and g are to be openeA The steam entering by k makes the * 
water flow, but whenever the steam itself issues from the cock g, this orifice must be 
immediately %nt, the cocky opened, and the cold water again introduced, where- 
upon the condenW water that had meanwhile collected in the under part of the 
refrigerator, flows off into the condenser vessel F. Since some air always enters with 
the liquor sucked into the pan, it must be removed at the time of drawing off the 
water from the two condensers, by driving steam through the apparatus. This 
necessity will be less urgent if the liquor be made to boil before bein^^troduced into 
the vacuum pan. 

Such an apparatus may be modified in size and arrangement to snit the peculiar 
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object in view, when it will be perfectly adapted for the concentration of extracts of 
every kind, as well as saline solutions containing vegetable acids or alkalies. The 
interior vessel a. b should be made of tinned or plated copper. For an account of 
Howard’s vacaum pan, made upon the same principle, see Sugar. 

When a boiler is set over a fire, its bottom should not be placed too near the ^ate, 
lest it refrigerate the flame, and prevent that vivid combustion of the fuel essential to 
the maximum production of heat by its means. The evil influence of leaving, too 
little room between the grate and the copper may be illustrated by a very simple 
experiment. If a small copper or porcelain capsule containing water be held over 
the flame of a candle a little way above its apex, the flame will suffer no abatement of 
brightness or size, but will continue to keep the water briskly boiling. If the capsule 
be now lowered into the middle of the flame, this will immediately lose its brightness, 
becoming dull and smoky covering the bottom of the capsule with soot; and, owing 
to the imperfect combustion, though the water is now surrounded by the flame, its 
ebullition will cease. 

Fig. 730 is a* section of two evaporating coppers en suites so mounted as to favour 
the fun combustion of the fuel, a is the hearth, in which wood or coal may be 



which the ashes fall into the pit beneath, capable of being closed in front to any 
extent by a sliding door b. b and c are two coppers encased in brickwork ; / the 
flue. At the end of the hearth near m, where the fire plays first upon the copper, 
the sole is made ■'f mewhat lower and wider, to promote the spreading of the flame 
under the vessel. The second copper c, receives the benefit of the waste heat ; it 
may be placed upon a higher level, so as to discharge its concentrated liquor by a 
stop-cock or siphon into Che first. 

Fig. 731 represents a pan for evaporating liquids, which are apt, during concentra- 
^n, to let fall crystals or other sediment. 

These would be injured either by the fire 
playing upon the bottom of the pan, or, by 
adhesion to if, they would allow the metal to 
get red hot, and in that state run every risk 
of being burnt or rent on the sudden intrusion 
of a little liquor through the incrustation. 
When large coppers have their hpttoms 
planted in loam, so that the fiame circulates 
in flues round their sides, they are said to be 
cold-set. 

A is a pear-shaped pan, charged with the 
liquid to be evaporated ; it is furnished with 
a dome cover, in which there is an opening 
with a flange for attaching a tube, to con- 
duct the steam wherever it may be required, 
a is the fire-place ; the ash-pit. The 
conical part terminates below in the tube g, 
furnished with a stop-cock at its nozzle h. 
Through the tube c rf o', famished above and 
below with the stop-cocks eand c\ the liquid 
is run from the charging back or reservoir. 
During the operation, the upper cock c is kept partially open, to replace the fiuid as 
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it evaporates ; but the under cock o' is shut. The flame from the fire-place plays 
round the kettle in the space e, and the smoke escapes downwards through the flue t 
into the chimney. The lower cylindrical part g remains thus comparatively cool, 
and collects the crystalline or other solid matter. After some time,' the under stop- 
cock o', upon the supply-pipe, is to he opened to admit some of the cold liquor into 
the cylindrical neck. That coch being again shut, the sediment settled, and the 
large stop-cock (a horizontal side valve would be preferable) h opened, the crystals 
are suffered to descend into the subjacent receiver; after which the stop-cock h is shut 
and the operation is continued. A construction upon this principle is well adapted 
for heating dyeing coppers, in which the sediment should not be disturbed, or exposed 
to th? action of the fire. The fire-place should be built as for the brewing copper. 

Fig. 732 represents an oblong evaporating pan, in which the flame, after beating 
along its bottom, turns 
up at iffi further end, 
plays back along its 
surface, and passes off 
into the chimney. A 
is a rectangularvessel, 
from 10 to 15 feet 
long, 4 to 6 feet broad, 
and 1 or 1 J feet deep. 

The fire bricks, upon 

which the pan rests, arc so arranged as to distrilaite the flame equally along its bottom. 

Leidenfrost in 1756 {Annates de Chimie) observed some remarkable facts connected 
with evaporation, which have since received some striking illustration from the 
experiments of M. Boutigny. 

When water is thrown on a plate heated considerably above the boiling point of 
water, the liquid assumes a spheroidal form, and this condition has hence received the 
name of the “ spheroidal state.” This water rolls about like melted crystal without 
any signs of ebullition, and it is dissipated but very slowly. The explanation usually 
given is as follows ; — “ The cause of the phenomena appears to be this, water exhibits 
an attraction for the surface of almost all solids, and wets them ; fluid mercury exhibits 
the opposite property, or repulsion for most surfaces. The attraction of water for 
surfaces brings it into the closest contact with them, and greatly promotes the com- 
munication of heat by a heated vessel to the water contained in it. But heat appears 
to develope a repulsive power in bodies, and it is probable that, above a peculiar tem- 
perature, the heated metal no longer possesses this attraction for water. The water 
not being attracted to the surface of the hot metal, and induced to spread over it, is 
not rapidly heated, and therefore boils off slowly.” — Graham. 

The explanation given by this excellent authority on all matters connected with 
physico-chemical science has been selected as representing fairly the prevailing 
view. It is not, however, quite satisfactory. The water is said to be at a sensible 
distance from the hot plate, and a layer of aqueous vapour of very high temperature 
is known to surround the water, and yet the spheroidal water does not acquire the 
boiling temperatnre. Here is evidence of some peculiar, and as yet unexplained 
condition, belonging, cither to heat of a certain kind or degree, or to the molecules of 
the body under its influence. 

Boutigny observed that water may pass into the spheroidal state at any temperature 
above 340° F., and remain in that state until the temperature falls to 288° F., when 
evaporation rapidly ensues. Ether and alcohol pass into the spheroidal state at 1 42° F. 
and 273° P. A thermometer being plunged in liquids while in the spheroidal state. 


indicated the following temperatures : — 

Water ---- - - 205-7° F. 

Absolute alcohol ------ 167-9 

“ Ether 93-6 

Hydrochloric ether ----- 50-9 

Sulphurous acid ------ 13-1 


All these being some degrees below the boiling temperatnre of those fluids. 

Boutigny Tias shown that the vapour escaping from water in the spheroidal state, 
although it has a very elevated temperatnre, does not possess the usual elasticity of 
steam ; it does not exert an expansive power. But if the vessel from which the 
vapour is forming is allowed to cool, to a certain point, a degree of elasticity equal to 
the elevated temperature of the vapour is suddenly exerted. This is suppos^ by 
Boutigny to explain many steam boiler explosions. * 

Whenever evaporation takes place, it should be remembered, it produces cold 
— that is, it lowers the temperature of the body flrom which the evaporation m taking 
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place. Leslie, by the evaporation of ether in vacno, froze mercury. Thilorier soli- 
dified carbonic acid by the intense cold produced by its own evaporation. Boutigny 
iroze vrater in a red hot vessel, by the evaporation of sulphurous acid from the heated 
vessel in which the water is in the spheroidal state. 

Further remarks on these points will be found under the heads respectively of 
CoaIh Steam Boilebs, Vapoub. 

EXOSMOSE and ENDOSMOSE. As some manufacturing processes involve the 
phenomena expressed by these two words, it appears necessary briefly to explain them. 

When two liquids are separated by a porous sheet of animal membrane, unglazed 
earthenware, porous stone, or clay, these liquids gradually diffuse themselves^ and 
supposing salt and water to be on one side of the division, and water only on the 
other, the saline solution passes in one direction, while the water, though with less 
intensity, passes in another. 

Instead of the two words introduced by Dutrochet, Professor Graham propbses the 
use of the single term Osmose (from txrfios, impulsion). 

It was supposed that there was, at the same time, an impulsive force acting from without 
and another acting from within ; that there was indeed a cxmejitjlowing tn, and another 
flowing out. It however appears to he proved that the osmose between water and saline 
solutions, consists not in the passage of two liquid currents, but in the passage of particles 
of the salt in one direction, and of pure water in the other. Professor Graham has 
olwerved, that common salt diffuses into water, through a thin membrane of ox-bladder 
deprived of its outer muscular coating, at the same rate as when no membrane is 
interposed. This force plays an important part in the functions of life, and it will be 
found to explain many of the phenomena associated with Dyeing, Tanning, &c. 

EXOGENOUS. A botanical term, signifying growing by addition to the outer parts 
of the stem. 

The stem varies in structure in four principal ways. It is either formed by succes- 
sive additions to the outside of the wood, when it is called exogenous^ or by successive 
additions to its centre, when it is called endogenous^ or by the union of the bases of leaves, 
and the extension of the point of the axis, which is called acrogenousy or by simple 
elongation or dilatation where no leaves or buds exist, as among Tkalhgens.— Lindley. 
^ EXPANSION (Eng, and Fr.; Ausdehnung^ Germ.) is the increase of bulk ex- 
perienced by all bo^es when heated, unless a change in molecular arrangement takes 
place, as in the’ case of clays in the potter^s kiln. 

Table I. exhibits the linear expansion of several solids by an increase of temperature 
firom 32® to 212° Fahr.j Table II, exhifiits the expansion in bulk of certain Uqoids, 


TABLE I. — Linear Dilatation of Solids hy Heat, 
Dimensions -which a bar takes at 212° whose length at 32° is 1 ’000000. 


Substances. 

Authority. 

Dilatation 

iu 

Decimals. 

Dilatation 
in Vulgar 
Fractions. 

Glass tube • 




Smeaton 


1*00083333 


do. 

• 

. 

• 

Roy - 


1*00077615 


do. 

• 

. 

- 

Delucas mean 


1 *00082800 


do. 



• 

Dulong and Petit 


1*00086130 


do. 

• 



Lavoisier and Laplace 

1*00081166 


Plate glass 

- 

. 

• 

do. do. 


1 *000890890 


I do. crown glass 

• 

- 

do. do. 


1 *00087572 


do. do. 

- 

- 


do. do. 


1 *00089760 


do. do. 

. 

. 

w 

do. do. 


1*00091751 


do. rod 


. 

- 

Roy - 

• 

1 -00080787 


Deal 

. 

. 

- 

Roy, as glass 


— 


Flatina 

• 

. 


Borda 


I -00085655 


do. 

• 

- 

- 

Dulong and Petit 


1 *00088420 


do. 

. 


- 

Troughton - 

• 

1-00099180 


do. and glass 

. 

. 

- 

Berthoud 

. 

1-00110000 


Palladium - ' 


. 


Wollaston 


looiooeoo 


Antimony > 


- 

• 

Smeaton 


1-00108300 


Cast-iron prism 

- 

. 


Roy - 


1*00110940 


Cast-iron - 

- 

. 


Lavoisier, by Dr. Younjr 

1-00111111 


Steel 

- 

• 

- 

Troughton - 


1-00118990 


Steel rod -'T 


• 

- 

Roy - 

- 

1-00114470 


Blistered steel 

- 

. 

- 

Phil. Trans. 1795,428 

1*00112500 


do. 

- 

* 


Smeaton 

- 

1-00115000 
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TABLE IL — Expansion of certain Liquids hy being heated from 32° to 212°. 


Substances. 

Authority. 

Expansion 

in 

Decimals. 

Expansion 
in Vulgar 
Fractions. 

Mercury . - . - - 

Dnlong and Petit. - 

0-01801800 


do. in glass - - . 

do. do. 

0-01543200 


Water from its maximum density 

Kirwan - - - 

0 04332 


Muriatic acid (sp. gr. 1 ‘137) 

Dalton - - - 

0-0600 

* 

Nitric acid (sp. gr. 1-40) 

do, - - - 

0-1100 

J 

Sulphuric acid (sp. gr. 1'85) 

do. - 

0-0600 

TT 

Alcohol (to its boiling point) ? 

do. - - - 

0-1100 

i 

Water ----- 

do. - 

0 0460 

1 

Water, saturated with common salt 

do. ... 

0-0500 


Sulphuric ether (to its boiling point ) ? 

do. ... 

0-0700 

* 

Fixed oils ----- 

do. - - - 

0-0800 


Oil of turpentine - - - - 

do. - - . 

0 0700 

A 


If the density of Trater at 39° be called 1 '00000, 

at 212° it becomes - . . - 0-9548, 

and its volume has increased to - - r04734 ; 

at 77° it becomes ----- 0'9973587, 

and its volume has increased to only - 1'002C5, 

■which, though one fourth of the whole range of temperature, is only of the total 
expansion. Water at 60° F. has a specific gravity of - 0'9991253, 

and has increased in volume from 39° to I'OOOOS, 


which is only about j', of the total expansion to 212°, with g.’, of the total range of 
temperature. 

Alt gascs^expand the same quantity by the same increase of temperature, which 
from 32° to 212° Fahr.=J|J°=|, or 100 volumes become 1'375. For each degree of 
Fahr. the expansion is 

When dry air is saturated with moisture, its bulk increases, and its specific gravity 
diminishes, because aqueous vapour is less dense than air, at like temperatures. 

The following Table gives the multipliers to be employed for converting one volume 
of moist gas at the several temperatures, into a volume of dry gas. 


Temperature. 

Multiplier, 

■ Temperature, 

Multiplier. 

53" F. 

0-9870 

64° 

0-9799 

54 

0 9864 

65 

0 9793 

55 

0-98.58 

66 

0-9786 

56 

0-9832 

67 

0-9779 

57 

0-9846 

68 

0-9772 

58 

0-9839 

69 

0-9765 

59 

0-9833 

70 

0-9758 

€0 

0-9827 

71 

0-9751 

61 

0-9920 

72 

0-9743 

62 

0-9813 

73 

0-9735 

63 

0-9806 




Lavoisier and Laplace arrived, after an extensive series of experiments, at thftwo 
important conclusions following : — 

1st. All solid bodies whatever, being gradually heated from the temperature of 
melting ice to that of boiling water, and then gradually cooled from the temperature 
of boiling water to that of melting ice, will be found to have exactly the same dimen- 
sions at the same temperature during the proeess of heating and cooling; the gradual 
diminution of bulk in cooling corresponding exactly with the gradual increase of 
bulk in heating. 

2nd. Glass and metallic bodies gradually heated from the temperature of melting 
ice to that of bqjling water, undergo degrees of expansion proportional to those of 
mercury at the same temperature ; that is to say, between the limits just mentioned, 
the expansion of the solid corresponding to two degrees of the thermometer, is twice 
the expansion which corresponds to one degree, the expansion which corresponds to 
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three degrees is three times the expansion -which corresponds to one degree, and so 
on; the quantity of expansion being multiplied in the same proportion as the number 
of degrees through which the thermometer has risen is multiplied. See Heat, 
Lardner's Cyclopedia, * 

Experiments by Fresnel, Forbes, Powell, Trevelyan, and Tyndal have a tendency 
to prove that heat occasions a repulsion between the particles of matter at small dis* 
tances. If a heated poker is laid slantingly on a block of lead at the ordinary tempe> 
rature, it will commence to -vibrate, first slowly, and will increase with such rapidity 
as to produce a musical note, which continues for some time, usually changing to an 
octa^ at the termination. These results would appear to prove a movement amount 
the particles constituting the bar. 

Some remarkable examples of expansion are furnished by the influence of sunshine 
on the Britannia Tubular Bridge. 

The most interesting effect is that produced by the sun shining on one side of the 
tube, or on the top, while the opposite side and bottom remain shaded and compara- 
tively cool ; the heated portions of the tube expand, and thereby warp or bend the tube 
towards the heated side, the motion being sometimes as much as 2 j inches vertically 
and inches laterally. 

While the tubes were supported on the temporary piers on the beach, these motions 
were easily observed. An arm carrying a pencil was fixed on the south side of the 
tube, at the centre, and a board was fixed on a post independent of the tube, and at right 
angles to it; the pencil was pressed against the board by a spring, and the rise and fall, 
and the lateral motions of the tube, were consequently placed on the board. In this way 
a very interesting diagram was taken daily. The lowest part of each figure is the 
starting point, or normal position of the tube, to which the pencil always accurately 
returns during the night. As soon as the sun rises in the morning it starts towards 
the right hand, rising obliquely, the top and one side of the tube being warmed, and 
the bottom and opposite side remaining unaffected. It continues thus till one o’clock, 
when the sun, having ceased to shine on the southern side, begins to warm the 
northern side, the top still retaining its high temperature, the tube thus acquires a 
nearly horizontal motion towards the left hand, the slight descent in the line indicating 
the diminished effects of the sun on the top as it gradually sinks. The greatest deflec- 
tion to the left hand is not attained until sunset, after which the tube rapidly descends 
in a uniformly curved line to its resting point. In the summer time this point is hardly 
attained before the rising sun compels it to commence its journey anew. When the 
sun is frequently obscured by passing clouds, very curious diagrams are obtained. 
During the absence of the sun the tube begins to cool rapidly, and to return to its 
normal position, every passing cloud is thus beautifully recorded. 

The middle of the centre arch of Southwark Iron Bridge rises one inch in the 
height of summer. When great lengths of iron pipe are laid down for the convey- 
ance of steam or hot water, sliding joints are necessary to prevent destruction either 
of the apparatus or of the building in which it is placed. 

The practical applications made of the expansion and contraction of metals by heat 
are many. The tire of a wheel is put on hot, and by its contraction on cooling, 
firmly binds the other parts of the wheel together ; boiler plates are riveted with 
red-hot rivets ; collars of metal are driven on while hot, and the like. 

Mollard drew together the walls of a building that had bulged, by screwing up 
bars of iron tight to the walls while they were hot, and a similar process was adopted 
in the Cathedral of Armagh. 

Playfair and Joule {^Chemical Society's Memoirs) have made a valuable series of re- 
searches on the expansion of bodies by heat, principally salts ; these have not how- 
ever any sufficient practical bearing to occupy our space. 

EXPRESSED OILS. See Oii.s: 

EXTRACTS. {Extraits^ Fr; Extraclen, Germ.) The older apothecaries used 
thisnerm to designate the product of the evaporation of any vegetable juice or in- 
• fusion, or decoction ; whether the latter two were made with water, al^hol, or ether ; 
whence arose the distinction of aqueous, alcoholic, and etberous extracts. 

Fourcroy made many researches upon these preparations, and supposed that they 
had all a cqpamon basis, which he called the ex^active principle. But Chevreul and 
other chemists have since proved that this pretended principle is a heterogeneous and 
very variable compound. By the term extract therefore is now meant merely the 
whole of the soluble matters obtained from vegetables, reduced by careful evaporation 
to either a pasty or solid consistence. The watery extracts, which are those most com- 
monly made, are as various as the vegetables which yield them^some containing 
chiefly sugar or gum in great abundance, and are therefore innoceut or inert; while 
others contain very energetic impregnations. The conduct of the evaporating heat is 
the capital point in the preparation of extracts. They should be always pre^ued if 
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possible, from the jaice of the fresh plant, by subjecting its leaves or other succulent 
part, to the action of a powerful screw, or hydraulic press *, and the evaporation should 
be effected by the warmth of a water bath, heated not beyond 100® or 120 F. Steam 
heat is now applied advantageously in some cases, where it is not likely to decom- 
pose any of the principles of the plant But by far the best process for making 
extracts is in vacuo, upon the principles explained in the article Evaporation. It is 
much easier to fit up a proper apparatus of this kind, than most practical men imagine. 
The vacuum may either be made through the agency of steam, as there pointed out, 
or by means of an air-pump. One powerful air-pump may form and maintain a good 
vacuum under several receiver, placed upon the flat ground flanges of so many b^ins, 
each provided with a stop-cock at its side for exhaustion. The air-less basin con- 
taining the juice being set on the shelf of a water-bath, and exposed to a proper tem- 
perature, will furnish in a short time a large quantity of medicinal extract, possessing 
the properties of the plant unimpaired. 

For exceedingly delicate purposes, the concentration may be performed in the cold, 
by placing saucers filled with the expressed juice over a basin containing sulphuric 
acid, putting a glass receiver over them, and exhausting its air. 

The use of the air-pump for evaporating such chemical substances as are readily 
injured by heat, has been very common since Professor LiesUe’s discovery of the 
efficacy of the combined influence of rarefied air and an absorbing surface of sulphuric 
acid in evaporating water at low temperatures. It has been supposed that the virtues 
of narcotic plants in particular might be better obtained and preserved by evaporation 
in vacuo than otherwise, as the decomposing agency of heat and atmospheric oxygen 
would be thereby excluded. There is no doubt that extracts thus made from the 
expressed juices of fresh vegetables possess for some time at least, the green aspect 
and odour of the plants in far greater perfection than those usually made in the air, 
with the aid of artificial heat. Dr. Meurer, in the Archiv. der Phammeie for April, 
1843, has endeavoured to show that the colour and odour are of no use in determining 
the value of extracts of narcotics, that the albumen left unchanged in the extracts 
made in vacuo, tends to cause their spontaneous decomposition, and that the extracts 
made with the aid of alcohol, as is the practice in Germany, are more efficacious at 
first, and much less apt to be injured by keeping. M. Baldenius has, in the same 
number of the Archiv.^ detailed experiments to prove that the juices of recent plants 
mixed with alcohol, in the hommopatbic fashion, are very liable to spontaneous 
decomposition. To the above expressed juice, the Germans add the alcoholic tincture 
of the residuary vegetable matter, and evaporating both together, prepare very powerful 
extracts. 


F. 


FACETTING. The process of cutting faces upon ornamental articles. Steel 
jewellery, such as beads, studs, buttons, — the ornaments on the hilts of dress-swords 
and similar objects, are ground on horizontal laps with fine emery. Facets on gold 
and silver are cut and polished on revolving wheels, after the same general method 
as that pursued by the lapidary for catting facets on stones. 

FACTORY. In the sense in which this term is introduced here, it is contracted 
from manufactory ; meaning the place where workmen are employed in fabricating 
goods. To describe all the rarious factories, would be to descri^ all the different 
manufactures, or, at least, the arrangements of the machines by which the raw material 
is converted into marketable goods. There is hut one kind of factory which will be 
described in this place. The arrangements of a cotton factory fairly represent all the 
arrangements for other branches of textile manufactures, and here this is specially 
described. Under Silk, Wool, &c., will be found particulars of the machines used and 
their general arrangements in these factories respectively. 

Factory, Cotto.y (General Construction of). There is no textile substance 
whose filaments are so susceptible of being spun into fine threads of uniform twist, 
stren^h, and diameter, as cotton wool. It derives this property from the smoothness, 
tenacity, flexibility, elasticity, peculiar length, and spiral form of the filaments ; hence, 
when a few of them are pulled from a heap with the fingers and thumb, they lay hold 
of and draw out many others. Were they much longer they could not he so readily 
attenuated into a fine thread, and were they much shorter the thread would be.deficient 
in cohesion. Ejjn the differences in the lengths of the cotton staple are of advantage 
in adapting them -to different styles of spinning and different textures of cloth. 

If we take a tuft of cotton wool in the left hand, and seizing the projecting fibres 
with the right, slowly draw them out, we shall perceive with what remarkable facility 
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tHey glide past each other, and yet retain their mutual connection, "while they are 
extended and arranged in parallel lines, so as to form a little riband susceptible of 
considerable elongation. This demonstration of the ductility, so to speak, of cotton 
wool, succeeds still better upon the carded fleece in which the laments have acquired 
a certain parallelism ; for in this case the tiny riband, in being drawn out by tbe ^gers 
to a moderate length, may at tbe same time receive a gentle twist to preserve its co- 
hesion till it becomes a fine thread. 

Hence we may imagine tbe steps to he taken or the mechanical processes to be 
pursued in cotton spinning. After freeing the wool of the plant from all foreign 
8ub?lances of a lighter or a heavier natnre, the next thing is to arrange the filaments in 
lines as parallel as possible, then to extend them into regular ribands, to elongate these 
ribands by many successive draughts, doubling, quadrupling, or even octupling them 
meanwhile, so as to give them perfect equality of size, consistence and texture, and at 
the same time to complete the parallelism of the fibres by undoing the natural convo- 
lutions they possess in the pod. When the rectilinear extension has been thus carried 
to the fineness required by the spinner, or to that compatible with the staple, a slight 
degree of torsion must accompany the further attenuation; which torsion may be either 
momentary, as in the tube roving machine, or permanent, as in the bobbin and fly 
frame. Finally, the now greatly attenuated soft thread, called a^ne roving^ is drawn 
out and twisted into finished cotton yarn, either by continuous indefinite gradations 
of drawing and twisting, as in the throstle, or by successive stretches and torsions of 
considerable lengths at a time, as in the mule. ^ 

Mechanical spinning consists in the suitable execution of these different processes 
by a series of different machines. After the carding operation, these are made to act 
simultaneously upon a multitude of ribands and spongy cords or threads by a multitude 
of mechanical hands and fingers. However simple and natural the above described 
course of manufacture may appear to be, innumerable difficulties stood for ages in the 
way of its accomplishment; and so formidable were they as to render their entire 
removal of late years in the cotton factories of England one of the greatest and most 
honourable achievements of human genius. 

The various operations may be thus classified for fine spinning - 

1. The mixing and opening up or loosening the flocks of cotton wool, as imported in 
the bags, so as to separate at once the coarser and heavier impurities as well as those 
of a lighter and finer kind. 

2. The willowing, scutching or blowing^ and hppingy to remove seeds and dirt, and 
prepare the material in the form of a continuous iap or sheet for the next opera- 
tion of 

3. The carding^ which is intended to disentangle every tuft or knot, to remove every 

remaining impurity which might have eluded the previous operation, and finally to 
prepare for arranging the fibres in parallel lines, by laying the cotton first in a fleecy 
web, and then in a riband form, ' 

4. The doubling and drawing out of the card-ends or ribands, in order to complete 
the parallelism of the filaments, and to equalise their quality and texture. 

.5. The roving operation, whereby the drawings made in the preceding process are 
greatly attenuated, with no more twist than is indispensable to preserve the uniform 
contiDuity of the spongy cords. 

6. The fine roving and stretching come next ; the former operation being effected by 
the fine bobbin and fly frame, the latter by the stretcher mule. 

7. The spinning operation finishes the extension and twist of the yam, and is done 
either in a continuous manner by the throstle, or discoutinuously by the mule : in the 
former, the yarn is progressively drawn, twisted, and wound upon the bobbins ; in the 
latter, it is drawn out and twisted in lengths of from 56 to 67 inches, which are then 
wound all at once upon the spindles. 

8. The eighth operation is the winding., doubling^ and singeing of the yams, to fit them 
foiTthe muslin, the stocking, or the bobbin net lace manufacture, 

9. The packing press, for making up tlie yarn into bundles for the market, concludes 
this series. 

Note. — Yams spun for weaving into cloth, as named in the 8th operation, after 
being wound, are at once warped, and after being sized, or dressed, are ready for the 
loom. 

10. To the above may be added the operations of the dressing machines, for fine 
warps ; the tape leg machine, for medium counts of warps, say 245. to 50s., and sizing 
troughs for warps of coarser •ounts. 

1 1. The power looms. 

12. The plaiting, or folding and measuring machine. ^ 

13. The press for compressing the bundles of cloth ready for delivery. 

The site of the factory ought to be carefully selected in reference to the health of the 
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operatives, the cheapness of provisions, the feeilities of transport for the raw materials, 
and the convenience of a market for the manufactured articles. An abundant supply 
of labour, as well as fuel and water for mechanical power, ought to be primary con- 
siderations in setting down a factory. It should therefore be placed, if possible, in a 
populous village, near a river or canal, but in a situation free from marsh malaria, 
and with such a slope to the voider stream as may ensure the ready discharge of all 
liquid impurities. These circumstances happily conspire in the districts of Stock- 
port, Hyde, Staleybridge, Dukcnfield, Bury, Blackbnrn, &c., and have eminently 
favoured the rapid extension of the cotton manufactures for which these places are 
pre-emiuent. n 

The better to illustrate the above-named requisites for cotton spinning and manu- 
facturing, we proceed to a description of a mill at Stockport, Lancashire, containing the 
large number of 61,400 throstle and mule spindles, and 1320 power looms. 

Mt. B. M‘Clure's Cotton Factory. — The mill consists of a main body with two 
lateral wings, projecting' forwards, the latter being appropriated to store-rooms, a count- 
ing-house, rooms for winding the yam on bobbins, and other miscellaneous purposes. 
The building has six floors besides the attic story. The ground-plan comprehends a 
plot of ground 280 feet long by 200 broad, exclusive of the boiler sheds. 

The right-hand end, A {Jig. 733) of the principal building, is separated from the 
main body by a strong wall, and serves in tbe three lower stories for accommodating 
two ninety-horse ste^ engines, which are supplied with steam from a range of boilers 
contained in a low shed exterior to the mill. 

The three upper stories over the steam engine gallery are used for unpacking, sorting, 
picking, cleaning, willowing, and lapping the cotton wool. Here are the willow, the 
blowing, and the lap machines, in a descending order, so that the lap machine occupies 
the lowest of the three floors, being thus most judiciously placed on the same level with 
the preparation room of the building. On the fourth main floor of the factory there 
are, in the first place, a line of carding engines arranged, near and parallel to the 
windows, as shown at b n, in the ground plan {Jig, 733), and, in the second place, 
two rows of drawing frame^ and two of bobbin and fly frames, in alternate lines, 
parallel to each other, as indicated by P, c, D, c, for the drawing frames, and e, e, e, e, 
lor the bobbin and fly frames in the ground plan. The latter machines are close to 
the centre of the apartment 

The two atopies next under the preparation room are occupied with throstle frames, 
distributed as shown at F F, in the ^ound plan. They stand in pairs alongside of 
each other, whereby two may be tended by one person. These principal rooms are 
280 feet long, and nearly 50 feet wide. The two stories, over the preparation room, viz., 
the fifth and sixth floors from the ground, are appropriated to the mule jennies, which 
are placed in pairs fronting each other, so that each pair may be worked by one man. 
Their mode of distribution is shown at o G, in the ground plan. The last single 
mule is seen standing against the end wall, with its head-stock projecting in the 
middle. 

The ground floor of the main building, as well as the extensive shed abutting behind 
it, marked by n, h, h, in the plan, is devoted to the power looms, the mode of placing 
which in plainly seen at H, h, h. 

_ The attic story accommodates the winding frames, and warping mills, and the warp 
sizing machines, subservient to power weaving. 

Some extra mules (self-actors), are placed in the wings. 

We shall briefly sum up the references in the ground plan as follows ; — 

A, the g^nd apartment for the steam engines. 

B, the distribution of the carding engines, the moving shaft or axis running in a 
straight line through tjiem, with its pulleys, for receiving the driving bands. 

c c, the drawing frames. 

D D, the jack, or coarse bobbin and fly frames. 

e e, the fine roving, or bobbin and fly frames. ■“ 

p, the arrangement of the throstle frames, standing in pairs athwart the gallerv in 
the 2nd and 3rd flats. ’ 

0, the mules are here represented by their roller beams, and the outlines of their 
head-stocks, as placed in the 5th and 6th stories. 

H, the looms, with their driving pulleys projecting from the ends of their main axes. 
Sometimes the looms are placed in parallel straight lines, with the rigger pulleys of the 
one alternately projected more than the other, to permit the free play of the driving- 
belts j sometimes the looms are placed, as generally in* this engraving, alternately to 
the right aqd lefkby a small space, when the pulleys may all project equally. The 
former plan is the one adopted in Mr. Orrell’s mill. 

1, represents the cast-iron girders which support the floors of this fire-proof 
building. 
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i K, K, are closets placed in each floor, in the recesses of a kind of pilasters built 

! against the outside of the edifice. These hollow shafts are joined at top bj horizontal 

pipes, which all terminate in a chest connected with the suction axes of a fan, whereby 
a constant draught of air circulates up the shafts, ventilates the apartments, and pre- 
vents the reflux of offensive effluvia from the water-closets, however careless the work- 
people may be. The closets towards the one end of the building are destined for the 
men ; towards the other for the women. 

! n, L, are the staircases, of a horse-shoe form, the interior space or shaft in the middle 

I being used for the teagle or hoist. In the posterior part of the shaft a niche or groove 

! is left for the counter-weight to slide in, out of the way of the ascending and desce^^ding 

' platform. 

M, M, are the two porters* lodges, connected to the comer of each wing by a handsome 
iron balustrade. I'hey are joined by an iron gate. 

It will be observed that the back loom-shed has only one story ,.as shown in section 
{jiy. 735). In the ground plan of the shed, N represents the roofing, of wood- work. 
The rafters of the floors rest at their ends upon an iron plate, or shoe with edges (as 
it is called), for the girders to bear upon. 

Two steam engines, of fully 100 horse-power each, and two of 50 horse-power each, 
operate by cranks, which stand at right angles upon the shaft marked a both in the 
plan and section. In the centre, between the bearings, is a large cog-wheel, driving a 
smaller one upon the shaft marked b in both figures, to which the fly-wheel c belongs. 
That prime motion wheel is magnificent, and possesses a strength equal to a strain of 
300 horses. From this shaft motion is given to the main or upright shaft d, in the 
section, by two bevel wheels, visible at the side and on the top of the great block of 
stone, about 5 tons weight {Jig. 733), which gives a solid basis to the whole moving 
apparatus. 

The velocity of the piston in these steam engines is 240 ft. per minute. 

The first shaft makes 44*3 revolutions per minute ; the main upright shaft 58*84 
per minute. The steam engine makes 16 strokes per minute j and the length of their 
stroke is 7 ft 6 in. 

As the one engine exerts its maximum force when the other has no force at all, and 
as the one increases as the other diminishes in the course of each pair of strokes, the 
two thus co-operate in imparting an equable impulsion.to the great gearing and shafts, 
which, being truly made, highly polished, and placed in smooth bearings of hard brass, 
revolve most silently and without those vibrations which so regularly recurred in the 
old factories, and proved so detrimental to the accurate performance of delicate spinning 
frames. 

The steam for these four engines is supplied by four high pressure horizontal engines, 
^ide by B. Goodfellow of Hyde, the exhausted steam from which has still power 
,OTongh to drive the low pressure condensing engines. By an ingenious arrangement 
'the condensing water from these engines, while on its return to the river is made to 
turn an 8 horse water-wheel. 

A 12-horse auxiliary engine for driving the warping mills, sizingand drying frames, 
and mechanic’s shop at night (in the event of breakages to the machinery), com* 
pletes the power of this great mill, equalling over 1000 indicated horse-power, all the 
steam being supplied by 5 boilers carrying 70 lbs. pressure. 

Note. — Prior to the application of the principle of compounding or uniting high and 
low-pressure engines, the above-named four low pressure engines required nine boilers, 
cairying 14 lbs. pressure, to supply them with sufficient steam; now, as we have shown, 
boilers of smaller dimensions, carrying TOlbs. pressure, supply a sufficient quantity of 
steam, for increased, power, at a reduction of fifty per cent on the consumption of 
coals. 

The power for driving the machinery is conveyed from the engine rooms by shafting 
in (he usual manner. 

To the horizontal ramifications from the upright shaft any desired velocity of rota- 
tion may be given by duly proportioning the diameters of the bevelled wheels of 
communication between them ; thus, if the wheel on the end of the horizontal shaft 
have one-half or one-third the diameter of the other, it will give it a double or a triple 
speed. 

In the lowest floor, the second bevel wheel above the stone block drives the hori- 
zontal shaft e, seen in the ground plan ; and thereby the horizontal shaft /, at right 
angles to the former, which runs throughout the length of the building, as the^ther 
did through its br^dth, backwards. The shaft / lies alongside of the back window 
wall, near the ceij^ng ; and from it the transverse slender shafts proceed to the right 
and left in the mam building, and to the shed behind it, each of them serving to drive 
two lines of looms. These slender or branch shafts are mounted with pulleys, each of 
which drives four looms by four sej^rate bands. 
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In the second and third floors, -where the throstles are placed, the shaft d is seen in 
the section to drive the following shafts : — 

Upon the main upright shaft d (fig. 735), there are in each of these stories two 
horizontal bevel wheels, with their faces fronting each other (shown plainly over d d), 
hy which are moved two smaller vertical bevel wheels, on whose respective axes are 
two parallel shafts, one over each other, g g, which traverse the whole length of the 
building. These two shafts move therefore with equal velocities, and in opposite 
directions. They run along the middle space of each apartment ; and wherever they 
pass the rectangular line of two throstle frames (as shown at f in the ground plan) they 
are each provided with a pulley ; while the steam pulleys on the axes of two {onti- 
gnous throstles in one line are placed as far apart as the two diameters of the said shaft- 
pulleys. An endless strap goes from the pulley of the uppermost horizontal shaft 
round the steam or driving-pulley of one throstle frame ; then up over the pulley g, 
the second or lower shaft, g ; next up over the steam pulley of a second throstle j and, 
lastly, up to the pulley of the top shaft, g. See gg in the throstle floors of the cross 
section. 

In the preparation room, three horizontal shafts are led pretty close to the ceiling 
through the whole length of the building. The middle one, A (see the glaa, fig. 733), 
is driven immediately by bevel wheels from the main upright shaft d (fig. 734). The 
two side ones i, i, which run near the window walls, are driven by two horizontal shafts, 
which lead to these side shafts. The latter are mounted with pulleys, in correspondence 
with the steam pulleys of the two lines of carding engines, as seen between the cards in 
the plan. The middle shaft A, drives the two lines of bobbin and fly frames, E, e, e, e 
(see cross section), and short shafts i, t, seen in the cross section of this floor, moved 
from the middle shaft A, turning the gallows fixed to the ceiling, over the drawing 
and jack frames, give motion to the latter two sets of machines. See c d in the cross 
section. 

To drive the mules in the uppermost story, a horizontal shaft A (see longitudinal and 
cross sections, as well as ground plan) runs through the middle line of the building, 
and receives motion from bevel wheels placed on the main upright shaft, d, immediately 
beneath the ceiling of the uppermost story. From that horizontal shaft. A, at every 
second mule, a slender upright shaft, I, passing through both stories, is driven (see both 
sections). Upon these upright branch shafts are pulleys in each story, one of which 
serves for two mules, standing back to back against each other. To the single mules 
at the ends of the rooms, the motions are given by still slenderer upright shafts, which 
stand upon the head stocks, and drive them by wheel-work, the steps (top bearings) 
of the shafts being fixed to brackets in the ceiling. 

In the attic, a horizontal shaft m m, runs lengthwise near the middle of the roof, and 
is driven by wheel- work from the upright shaft. This shaft, m, gives motion to the 
warping mills and dressing machines. 

This cotton mill having been erected according to plans devised and executed by 
that very eminent engineer, Mr. Fairbaim, of Manchester, may be justly reckoned a 
model, of factory architecture. It is mounted with 1320 power- looms, of which each 
100 require steam power equivalent to 25 horses to impel them, inclusive of the prepara- 
tion and spinning operations competent to supply the looms with yarn. 

Ten looms, with the requisite dressing, without spinning, are considered to be equi- 
valent to 1 horse power in a steam engine- Steam power equivalent to 1 horse will 
drive — » 

500 mule spindles, 

300 self-actor spindles, 

180 throstle spindles of the common construction ; in which estimate the requisite 
prepsratftn processes are included. 

In Mr. M‘Clure’s mill there are in the throstle-frame 
floors - 27,200 spindles 

And in the mule floors ------ 34,200 „ 


Total yam spindles - 61,400 

To which add, power-looms 1320, producing the product of the spindles, in the shape 
of 300,000 yards of cloth in every week of 60 hours. 

One of the most compact and best regulated modem factories, on the small scale, 

which we visited in Lancashire, consisted of the following system of machines : 

1 willow, 1 blowing machine, 1 lap machine, capable, together, of cleansing and 
lappingj^SOOO pounds of cotton per week, if required. 

2 1 cards, bi oakers, and finishers, which carded 5000 lbs. of cotton every week of 
60 hours’ work, being about 240 lbs. per card. 

3 drawing-frames, of 3 heads each. 
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S coarse bobbin and fly frames. 

7 fine bobbin and fly fram^ No stretcher mule. 

12 self-actor mules, of Sharp and Boberts’s construction, of 404 spindles each 
= 4S48 mule spindles. 

10 throstle frames, of 236 spindles each —2360 spindles. 

7 dressing machines. 

236 power-looms. 

2 warping mills. 

300 winding spindles for winding the warp. 

rovings have 4 hanks in the pound, and are spun into yarn No. 38 on the 
throstle, as well as the mule. 

Ou«*bobbin of the roving (compressed) lasts 5 days on the self-actors, and 6 days on 
the throstles. 

According to the estimate of Peel and Williams, of Manchester, 66 horses power of 
a steam engine are equivalent to 396 power-looms, including 16 dressing machines; 
the cloth being 36 inches wide upon the average, and the yam varying in fineness from 
12’s to 40’s, the mean being 26*s. Here, the spinning and preparation not being 
included, the allowance of power will appear to be high. The estimate given above 
assigns 10 looms, with the requisite dressing, to I horse; but the latter assigns no more 
than 6. 

For the following experimental results, carefully made with an improved steam 
engine indicator^ upon the principle of Mr. Watt’s construction, we are indebted 
to Mr. Beunet, an engineer in Manchester. His mode of proceeding was to deter- 
mine, first of all, the power exerted by the factory steam engine when all the machines 
of the various floors were in action ; then to detach, or throw out of gear, each system 
of machines, and to note the diminution of force now exercised. Finally, when all the 
machines were disengaged, he determined the power requisite to move the engine itself 
as well as the great gearing-wheels and shafts of the factory. 

He found at the factory of J. A. Beaver. Esq., in Manchester, that 500 calico looms 
(without dressing) took the power of 33 horses, which assigns 15 looms to 1 horse 
power. 

At Messrs. Birley’s factory, in Manchester, he found that 1080 spindles in 3 self- 
actor mules took 259 horses, being 417 spindles for I horse power; that 3960 spindles 
in 1 1 self-actors took 8*33 horses, being 475 spindles per horse power ; 1,080 spindles 
in 3 self-actors took 2 horses, being 540 spindles per horse. 

At Messrs. Clarke and Sons, in Manchester, that 585 looms in weaving fustians of 
various breadths took 54 horses powe% exclusive of dressing machines, being 1 1 looms 
to 1 horse. 

At J. A. Beaver’s, on another occasion, he found that 1200 spindles, of Danforth’s 
construction, took 21 horses, being 57 spindles per horse power ; and that in a second 
trial the power of 22 horses was required for the same effect, being 54 Danforth’s 
spindles per horse power. 

An excellent engine of Messrs. Boulton and Watt, being tried by the indicator, 
afforded the following results in a factory : — 

A 60 horse boat-engine (made as for a steam boat) took 

14j horses power to drive the engine with the shafts 14*5 


3j blowing machines, with their 3 fans - - 21*55 

10 dressing machines 10*25 

12 self-actor mules of 360 spindles each (720 spindles 

per horse power) 6*00 

6 Danforth’s throstle frames, containing 570 spindles (96 

in each), being 93 spindles to 1 horse power - 6*20 


At Bollington, in a worsted mill, be found that 106^ spindles, including preparation, 
took 1 horse power upon throstles. N. B. There is no carding in the long wool or 
worsted manufacture for merinos. 

At Bradford, in Yorkshire, he found that a 40 horse power boat-engine, of Boulton 
and Watt’s, drove 598 calico looms, 6 dressing machines (equivalent to dress warp for 
180 of the said looms), and I mechanics* workshop, which took 2 horses power. Other 
engineers estimate 200 common throstle Spindles, by themselves, to be equivalent to 
the power of 1 horse. 

The shafts which drive the cards revolve about 1 20 times per minute, with a driving 
pulley of from 15 to 17 inches in diameter. 

The shafts of the drawing and the bobbin and fly frames revol*^ from 160 to 200 
tim s per minute, with pulleys from 18 to 24 inches in diameter. 

'J'be shafts of throstle frames in general turn at the rate of from 220 to 240 times per 
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minute, with driving pulleys 18 inches in diameter, when they are spinning yarn 
of from No. 35 to 40. The shafts of mules revolve about 130 times per minute, with 
pulley 16 inches in diameter. 

The shalls of power looms revolve from 110 to 120 times per minnte, with pulleys 
15 inches in diameter. 

The shafts of dressing machines revolve 60 times per minute, with pulleys 14 inches 
in diameter. 

Before quitting the generalities of the cotton manufacture we may state the following 
facts communicated also by Mr. Bennet : — 

A waggon-shaped boiler, well set, will evaporate 12 cubic ft. of water with 1 cwt. of 
coals ; and a steam-boiler with winding flues will evaporate 17 cubic ft. with the fame 
weight of fuel ; lbs. of coals of the former boiler are equivalent to 1 horse power 
exerted for an hour, estimating that a horse can raise 33,000 lbs. 1 foot high in a 
minute. 

The first cotton mill upon the fire-proof plan was erected by the Messrs. Strutt, 
at Helper, in the year 1797 ; that of Messrs. Phillips and Lee, at Manchester, in 1801 ; 
that of H. Houldsworth, Esq., of Glasgow, in 1802 ; and that of James Kennedy, at 
Manchester, in 1805 ; since which time many good factories have been built fire-proof, 
like Mr. M‘CIure’s. 

The heating of the apartments of cotton factories is effected by a due distribution of 
cast-iron pipes, of about 7 or 8 inches diameter, which are usually suspended a little 
way below the ceilings, traverse the rooms in their whole length, and are filled with 
steam from boilers exterior to the building. It has been ascertained that one cubic 
foot of boiler will heat fully more than 2,000 cubic ft. of space in a cotton mill, and 
maintain it at the temperature of about 75*^ Fahr. If we reckon 25 cubic ft. contents 
of water in a waggon-shaped steam boiler as equivalent to I horse power, such a 
boiler would be capable of warming 50,000 cubic ft. of space; and therefore a 10 
horse steam boiler will be able to heat 500,000 cubic ft. of air from the average 
temperature, 50°, of our climate, up to 75°, or perhaps even 80° Fahr. 

It has been also ascertained that in a well-built cotton mill, one superficial foot of 
exterior surface of cast-iron steam pipe will warm 200 cubic ft. of air. In common 
cases for heating churches and public rooms, we believe that one-half of the above 
heating surface will be found adequate to produce a sufficiently genial temperature 
in the air. The temperature of the steam is supposed to be the same with that 
in Mr. Watt’s low-pressure engines, only a few degrees above 212° — the boiling point 
of water. 

The pipes must he freely slung, and left at liberty to expand and contract under 
the changes of temperature, having one end at least connected with a flexible pipe of 
copper or wrought iron, of a swan-neck shape. Through this pipe the water of 
condensation is allowed to run off. The pipes should not be laid in a horizontal 
direction, but have a sufficient slope to discharge the water. The pipes are cast from 
half an inch to three-quarters thick in the metal. In practice the expansion of steam 
pipes of cast-iron may be taken at about one-tenth of an inch in a length of 10 feet, 
when they are heated from a little above the freezing to the boiling point of water. 
The upper surface of a horizontal steam pipe is apt to become hotter than the bottom, 
of the water be allowed to stagnate in it ; the difi’erence being occasionally so great, as 
to cause a pipe 60 feet long to be bent up two inches in the middle. 

In arranging the steam pipes provision ought to be made not only for the discharge 
of the water of condensation, as above stated, but for the ready escape of the air ; other- 
wise the steam will not enter freely. Even after the pipes are filled with steam, a 
little of it should be allowed to escape at some extreme orifice, to prevent the re- 
accumulation of air distfliarged from the water of the steun boiler. In consequence 
of water being leftln the pipes serious accidents may happen ; for the next time 
the steam is admitted into them, the regularity of heating and expansion is im- 
peded, some part of the jnpe may crack, or a violent explosion may take place, ^nd 
the joints may be racked to a very considerable, distance, every way. from the place 
of rupture, by the alternate expansions and condensations. The pipes should there- 
fore he laid, so as to have the least possible declivity, in the direction of the motion of 
the steam. 

Formerly, when drying rooms in calico printing works were heated by iron stoves, 
or cockles, their inmates were very unhealthy, and became emaciated ; since they have 
been heated by steam pipes the health of the people has become remarkably good, and 
their appearance frequently blooming. 

F ACTORY is also a place where factors meet to dispose of goods, as Tea factories, 
&c. &C- % 

FAHLERZ. Grey copper-ore, called also Panahase, from the many oxides it 
contains, and Tetrahedrite from its form. 
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The analysis of a 
Copper 
Silver 
Iron 
Zinc 

Specimens from Baden and Freiberg have been found to contain as much as from 
18 to 31 per cent, of silver. The following analysis by M. Rose, of grey copper ore, 
or Fahlerz, will show the variation in composition of this interesting mineral : — 



Sulphur. 

Antimony. 

Copper. 

1. St Marie AuxiUines, in Alsace 

26*83 : 

12*46 

40*60 

2. Gersdorf, Freiburg _ - - 

26'33 

16-52 

38-63 

3. Kapnik, Hungary - - - 

25-77 

23*94 

37-98 

4. Dillenburg, in Nassau - - - 

25-03 

25-27 

38*42 

5. Mine Zidda, at Clausthal 

24-73 

28 24 

34-48 

6. Mine Wenzel, near Wolfnach, 
Baden - ... - 

23-52 

26*63 

25-23 

7. Mine Kabacht, near Freiburg 

21-17 

24-63 

i 14*81 

Besides Arsenic, Iron, Zinc, and Silver. 



FAINTS is the name of the impure spirit which comes over first and last in the 
distillation of whiskey j the former being "called the stronyy and the latter, which is 
much more abundant, the weak faints. This crude spirit is much impregnated with 
fcEtid essential oil (fusel oil), it is therefore very unwholesome, and must be purified 
by rectificatioQ- 

FALSE TOPAZ. Alight yellow pellucid variety of quartz crystal. It may be dis- 
tinguisbed from yellow topaz, for which when cut it is frequently substituted, by its 
difference of crystalline form, the absence of cleavage, inferior hardness, and lower 
specific gravity. Found in the Brazils, &c. 

FAN (^Eventaily Fr.; Facher. Germ.) is usually a semi-circular piece of silk or 
paper, pasted double, enclosing slender slips of wood, ivory, tortoise-shell, whale-bone, 
&c., arranged like the tail of a peacock in a radiating form, and susceptible of being 
folded together, and expanded at pleasure. This well-known hand ornament is used by 
ladies to cool their faces by agitating the air. Fans made of feathers, like the wing of a 
bird, have been employed from time immemorial by the natives of tropical countries. 

Fan is also the name of the apparatus for winnowing corn, for urging the fires of 
furnaces, and for purposes of ventilation. For an account of the powerful blowing 
and ventilating fan machines, see Foundry and yENTii.ATOR. 

FANG, a mining term. A niche cut in the side'’ of an adit or shaft, to serve as an 
air coarse. Sometimes the term a fanginy is applied to a main of wood pipes. 

FARINA {Farine, Fr. ; Mehly Germ.) is* the flower of any species of com, or 
starchy root, sneh as potato, arrow-root, &c. See Bread and Starch. 

FATS (^Graissesy Fr. ; FettCy Germ.) occur in a great number of the animal 
tissues, being abundant under the skin in what is called the cellular membrane, round 
the kidneys, in the folds of the omentum, at the base of the heart, in the mediastinum, 
the mesenteric web, as well as upon the surface of the intestines, and among many of 
the muscles. ' Fats vary in consistence, colour, and smell, according to the animals 
from which they are obtained ; thus, they are generally fluid hi the cetaceous tribes, 
soft and rank-flavoured in the carnivorous, solid and nearly scentl^ in the ruminants, 
usually white and copious in well-fed young animals ; yellowish and more scanty in the 
old. ^ Their consistence varies also according to the organ of^heir production; being 
firmer under the skin and in the neighbourhood of the kidneys than ameng the 
movable viscera. Fat forms about one-twentieth of the weigiSrof a healthy animal. 
But as taken out by the butcher it is not pure; for being of a vesicular structure it is 
always enclosed in membranes, mixed with blood, blood-vessels, lymphatics, &:c. These 
foreign matters must firet be separated in some measure mechanically, after the fat is 
minced small, and then more completely by melting it with hot water, passing it through 
a sieve, and letting the whole cool very slowly. By this means a cake of cleansed fht 
will be obtained. 

Braconnot and Raspail have shown that solid animal fats are composed of very siilaU 
microscopic, partly polygonal, partly reniform particles, which are cd9nected together 
by very thin membranes. These may be ruptured by mechanical means, then sepa- 
rated by triturating the fresh fats with cold water, and passing the unctuous matter 
through a sieve. The particles float in the water, but eventually collect in a white 

VoL. II. N 


crystalised specimen from Huel Prosper, in Cornwall, gave 


30T8 

traces 

6‘99 

traces 


Antimony - 

Arsenic 

Sulphur 


- 2366 

- 4*40 

- 25-04 
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granular crystalline appearance, like starch. Each of them consists of a vesicular in- 
tegument, of the nature of stearine, and an interior fluid like elaine, which afterwards 
exudes. The granules float in the water, but subside in spirits of wine. When 
digested in strong alcohol, the liquid part dissolves, but the solid remains. These 
particles differ in shape and size, as obtained from different animals ; those of the 
calf, ox, sheep, are polygonal, and from 5*5 to jig of an inch in diameter ; those of the 
sow are kidney-shaped, and from to j those of man are polygonal, and from ^ to 

; those of insects are spherical, and at most 5^5 of an inch. 

Fats all melt at a temperature much under 212® F. When strongly heated with 
contact of air, they difl^use white pungent fumes, then blacken, and take fire, ^hen 
subjected to distillation they afford a changed fluid oil, carburetied hydrogen, and the 
other products of oily bodies. Exposed for a certain time to the atmosphere, they 
become rancid, and generate the same fat acid as they do by saponification. In their 
fresh state they are all composed principally of stearine, margarine, and oleine, with a 
little colouring and odorous matter ; and in some species, hircine, from the goat ; 
phocenine, from the dolphin ; and butyrine from butter. By subjecting them to a 
great degree of cold, and compressing them between the folds of blotting paper, a resi- 
duum is obtained, consisting chiefly of stearine and margario^ 5 the latter of which 
may be dissolved out by oil of turpentine. 

Beef and Mutton Suet . — When fresh, this is an insipid, nearly inodorous fat, of a firm 
consistence, almost insoluble in alcohol, entirely so, if taken from the kidneys and 
mesenteric web of the ox, the sheep, the goat, and the stag> It varies in its whiteness 
consistence, and combustibility, with the species and health of the animals. The}’ may 
all he purified in the manner above described. Strong sulphuric acid developes 
readily the acid fats by stirring it through melted suet. Alkalies, by saponification, 
^ve rise to one of the three acids, — the stearic, margaric, or oleic. Beef suet consists 
of stearine, margarine, and efleiue ; mutton and goat suet contain a little hircine. The 
specific gravity of the tallow of which common candles are made is, by Ure’s experi- 
ments, 0*936, The melting point of suet is from 98® to 104® F. The proportion 
of solid and fluid fat in it is somewhat variable, but the former is in much larger 
proportion. Mutton suet is soluble in 44 parts of boiling alcohol, of 0*820 ; beef 
suet in 44 parts. Marrow fat consists of 76 of stearine, and 24 of oleine $ it melts at 
115® F. 

Bog's lard is soft, fusible at 81® F., convertible, by an alkaline solution, into a 
stearate, margaratc, oleate, and glycerine. Its sp. grav, is 0’938, at 50® F. It consists 
of 62 of oleine, and 38 of stearine, in 100 parts. 

Goosefat consists of 68 oleine and 32 stearine. 

Butter^ In summer consists of 60 of oleine and 40 of stearine ; in winter, of 35 of 
oleine, and 65 of stearine ; the former substance being yellow and the other white. It 
differs, however, as produced from the milk of different cows, and also according to 
their pasture. 

The ultimate constituents of stearine, according to Chevreul, are, 79 carbon; 11*7 
hydrogen ; and 9*3 oxygen in 100 parts. 

See MxnGABiKE, Oleine, Soap, Stearine. 

The following statement is given on the authority of Braconnot : — 






Oleine. 

Stearine. 

Fresh batter in smniner 

- 

- 

60 

40 

in Walter 

- 

- 

37 

63 

Hog’s lard 


- 


62 

38 

Ox marrow 

- 

- 

> 

24 

76 

Goose fat 


- 

- 

68 

32 

Duck fat 

- 

- 


72 

28 

Ox tallow 

- 

- 

. 

25 

75 

Mutton suet 

- 

- 

- 

26 

74 


Dr. Robert Dondas Thomson has given the following list of animal fats and their 
melting points; — 


Badger fat 

86° 

Duck’s fat 



77° 

Beef tallow - , - 

98i 

Dog 

» 

. 

79| 

Calf - r - 

136-8 

Fox 



129 

Camel - - - 

131 

Hare 



1174 

Cochineal fat 

104 

Hog’s lard - 

- 

_ 

80-5 

Cow’s batter 

79-7 

Horse grease 

- 

- 

140 
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Haman fat - 

Pheasant 

Turkey 

Stearine (human) « 
„ (sheep) ' 
„ (oxen) - 

(hog) 


770 

109 

113 

120 

109 

111 

109 


Stearine (duck) 
Cetine - - - 

Chlorestine - 
Cantharides fat 
Margarine (butter) 
Palmitine 


109 <^ 

120 

278 

93J 

105 

115 


M. Dumas says that butter contains no stearine. The purification and decoloration 
of fj^ts has been the object of many patents. One of the best is to mix two per 
cent, of strong sulphuric acid with a quantity of water, in which the tallow is heated 
for some time with much stirrings to allow the materials to cool, to take off the 
supemi^ant fat, and to re-melt it with abundance of hot water. More tallow will 
thus be obtained, and that considerably whiter and harder than is usually procured by 
the melters. 


Dr. Ure states that he has found that chlorine and chloride of lime do not improve, 
but rather deteriorate, the appearances of oils and other fatty bodies. According to 
Appert, minced suet subjected to the action of high-pressure steam in a digester, 
at 250° or 260° F., becomes so hard as to be sonorous when struck, whiter, and 
capable when made into candles, of giving a superior light. A convenient mode 
of rendering minced tallow, or melting it, is to put it in a tub, and drive steam 
through it from numerous orifices in ramifying pipes placed near the bottom. 
Mr. Watt’s plan of purifying fats, patented in March, 1836, has been successful. 
He employs dilute sulphuric acid, t$ which he adds a little nitric acid, with a very 
small quantity of bichromate of po^h, to ** supply oxygen,*’ and some oxalic acid. 
These are mixed with the fat in the teaming tub. When the lumps of it are nearly 
dissolved, he takes for every ton of fat, one pound of strong nitric acid, diluted with 
one quart of water ; to which he adds two ounces of alcohol, naphtha, sulphuric ether, 
or spirits of turpentine; and after introducing this mixture, he continues the boiling 
for half an hour. The fat is finally washed. 

Others have proposed to use vegetable or animal charcoal first, especially for rancid 
oils, then to heat them with a solution of sulphate of copper and common salt, which 
is supposed to precipitate the fetid albuminous matter. 

Mr. Prynne obtained a patent in March, 1840, for purifying tallow for the candle- 
maker, by heating it along with a solution of carbonate of potash or soda for 8 hours, 
letting the whole cool, removing the tallow to another vessel, heating it by means of 
steam up to 206° F., along with -dry carbonate of potash (pearlash) ; letting this mix- 
ture cool very slowly; and finally removing the tallow to a vessel inclosed in steam, 
so as to expel any subsidiary moisture. — Newton's Journal^ xxi. 258. 

A patent for a like purpose was obtained in June, 1842, by Mr. H. H. Watson. He 
avails himself of the blanching power of oxygen, as evolv^ from permanganate of 
potash (chameleon mineral), in the act of its decomposition by acids, while in contact 
with the melted fat He prescribes a leaden vessel (a well joined wooden tub will 
also serve) for operating upon the melted tallow with one-twentieth of its weight of 
the manganate dissolved in water, and acidulated to the taste. The whole are to be 
well mixed, aud gradually heated from 150° np to 212° F., and maintained at that 
temperature for an hour. On account of the tendency of the dissolved man- 
ganate to spontaneous decomposition, it should be added to the dilute acid, mixed 
with the fitt previously melted at the lowest temperature consistent with its fluidity. 

Mr. Wilson, of Vauxhall, has applied centrifugal action to the separation of the 
liquid from the more solid parts of fatty matters, employing in preference the hvdro- 
extractors used by Seyrig and Co. for drying textile fabrics. Mr. Wilson applies a 
stout cotton twill in addition to the wire-grating; and in order to avoid the necessity 
of digging the concrete parts, and to prevent them from fogging the interstices for 
the^isebarge of the oily matter, he places the whole in a nag 8 inches in diameter, 
and of such length that when laid on the rotating machine ^lamst the grating the 
two ends will meet. The speed of the machine must be kept below that at which 
stearic acid or stearine would pass; which is known by the limpidity of the expressed 
fluid. To take advantage of the liquefying influence of heat, he keeps the tempera- 
ture of his own room about 2° F. above that of the substances under treatment. 

The chemistry of fat will be found in lire's Dictionary of Chemistry. For Imports, 
&c., see Tallow. 

FAULTS (FaiUes, Fr.), in mining, are disturbances of the strata w'hich interrupt 
the miner’s operations, and put him at a loss to discover where the veij of ore or bed of 
coal has been “ thrown ” by tte convulsion of nature. 

A mineral vein, may be regarded as a fissure formed by the consolidation of the 
rocks in which it exists, or by some movement of the entire ma^, producing these 
cracks at right angles to the line of greatest mechanical force ; these have be^ even- 
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tually filled in vith the mineral or metalliferotis matter which we find in them. After 
this has taken place, there has sometimes been a movement of a portion of the ground, 
and the mineral vein, or lode, has been fractured. A simple illustration of this is the fol- 
lowing, fig. 736, where we have the mineral vein dislocated, and subsequently to the dis- 
location there has been a formation of a string of spathose iron, following the bendings 
of a crack formed by the movement, which, in this case, has been less than the width 
of the lode. In the large majority of examples the “ heave ” or “ throw ” of the lode lias 
been very considerable. It is usual to speak of a fault SiS'if the fissure had actually moved 
the lode. It should be understood that an actual movement of great masses of the ^lid 
earth is implied, and consequently, the lode having been formed before the movement, it 
is moved with the rock in which it is enclosed. Fig. 738 is the plan of veins 1, 2, 3, 4, 
and an Elvan course a a, which have been dislocated along the line 6, c, and all the 
lodes and the Elvan course moved. In this case the movement has probably taken place 
from the North towards the South. This disturbance will be continued to a great 
depth, and in fig. 737 is a section showing the dislocation of a lode into three parts. In 


736 737 



this case the movement has probably been the subsidence of that portion of the ground 
containing the lode b, and me further subsidence of that portion containing the lode 
a ; the condition of the surface being subsequently altered by denudation. The in- 
clination of a lode is frequently changed by these movements, thus fig, 739 supposes c d 
to represent the original condition of the lode by a convulsion, the portion a b has 
fallen'%way leaving a chasm between, and the “dip” or inclination of the lode is 
therefore materially changed. The direction of the lode is frequently altered by 
these movements. Many lodes in Cornwall have a direction from the N. of E. to the 
S. of W. up to a fault, on the other side of which the direction is changed from the S. 
of E. to the N. of W. Where these disturbances are of frequent occurrence, the diffi- 
culties of mining are g^tly increased. 

The dislocatigais ana obstructions found in coal-fields, which render the search for 
coal so difficult, knd their mining so laborious and uncertain, are the following: — 

1. Dikes. 2. Slips or Faults. 3. Hiiches. 4. Troubles. 

The first three, infer dislocation of the strata ; the fourth, changes in the bed of coal 
itself. 
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1. A dike is a wall of extraneous matter, which divides all the heds in a coal-field. 

Dikes extend not only in one line of bearing through coal-fields for many miles, hut 

run sometimes in different directions, and have often irregular bendings, but no sharp 
angular turns. When from a few feet to a few ftithoms in thickness, they occur some- 
times in numbers within a small area of a coal basin, running in various directions, 
and even crossing each other. Fig. 740, represents a ground plan of a coal-field, 
intersected wih greenstone dikes, a b 
and c D are two dikes standing parallel 
to each other ; e f and o H are cross 
orft)bli<fje dikes, which divide both 
the coal strata and the primary dikes 
A B and c-s. 

2. ISlips or faults run in straight 
lines through coal-measures, and at 
every angle of incidence to each other. 

Fig. 741 represents a ground plan of 
a coal-field, with two slips A b and c », 
the line of bearing of the planes of the 
strata, which throw them down to the 
outcrop. This is the simplest form of 
a slip. Fig. 742, exhibits part of a B 
coal-field intersected with slips, like a 
cracked sheet of ice. Here A B is a ® 
dike; while the narrow lines slMar 
faults of every kind, producing dislo- 
cations varying in amount of slip from ‘t’P. 

a few to a great many fathoms. The faults at the points a, a, a vanish ; and the 
lines at o denote four small partial slips called hitches. 

The effects of slips and dikes on the coal strata appear more prominently when 
viewed in a vertical section, than in a ground plan, where they seem to be merely 
walls, veins, or lines of demarcation. Fig. 743 is a vertical section of a coal-field, 

742 743 


from dip to rise, showing three strata of coal a,b,c. a b represents a dike at right 
angles to the phme of the coal-beds. This rectangular wall merely separates the coal- 
measures, affecting their line of rise ; but fiarther to the rise, the oblique dike c D in- 
terrupts the coals o, 6, c, and not only disjoins them, but has produced a movement 
which has thrown them and their concomitant strata greatly lower down ; but still, 
with this depression, the strata retain their parallelism and general slope. Nearer to 
the outcrop, another dike, e f, interrupts the coals o, b, c, not merely breaking the 
continuity of the planes, but throwing them moderately up, so as to produce a steeper 
inclination, as shown in the figure. It sometimes happens that the coals in the Com- 
partment H, betwixt the dikes c and e, may lie nearly horizontal, and the effect of the 
dike E, F, is then to throw 
out the coals altogether, 
leaving no vestige of them 
in the compartment K. 

The effect of slips on 
the strata is also repre- 
sented in the vertical sec- 
tion, 744, where a, b, c 
are coals with their asso- 
ciated strata, a b is an 
intersecting slip, which 
throws all the coals of the 
first compartment much lower, as is observable in the second. No. 2; and from 
the amount of the slip, it brings in other coal-seams, marked 1, 2, 3, not in the 
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compartment No. 1. c x>, is a slip prodocing a similar result, but not of the same 
magnitude ; £ ¥ represents a slip across the strata, reverse in direction to the former ; 
the effect of which is to throw up the coals, as shown in the area No. 4. Such 
a slip occasionally brings into play seams seated under those marked a, b, c, as 
seen at 4, 5, 6 ; and it may happen that the coal marked 4 lies in the prolong- 
ation of a well-known seam, as r, in the compartment No. 3, when the case be- 
comes puzzling to the miner. In addition to the above varieties, a number of slips or 
bitches are often seen near one another, as in the area marked No. 5, where the indi- 
vidual displacement^re inconsiderable, but the aggregate dislocation may be great, 
in reference to the seams of the 6th compartment. • 

, The results of dikes and slips on a 
horizontal portion of a field are exem- 
plified in fy. 745. Where the coal- 
measures are horizontal, and the faults 
nm at a greater angle than 45^ to the 
line of bearing, they are termed “dip ” 
and “rise’* faults, as a b, o i>, e f. The 
following Jig. 746, which is an acenrate 
section of the Mostyn coal-field, Flint- 
shire, will show the amount to which 
those disturbances are experienced. 
The letters mark with sufficient dis- 




tinctness the beds on either side of ihe 
faults. 

^ Coal viewers or engineers regard the 
dislocations now described as being sub- 
ject in one respect to a general law, 
which may be thus explained : — Let 
fy, 747 be a portion of a coal-measure ; 
A, being the pavement and b the roof 
of the coal-seam. in pursuing the 
stratum at c, a dike j> occurs, standing at 
right angles with the pavement, they 
conclude that the dike is merely a partition-wall between the beds by its own thick- 
ness, leaving the coal-seam undisturbed on either side j but if a dike f forms, as at e, 
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an obtuse angle with the pavement, they conclade that the dike is not a simple 
partition between the strata, but has thrown up the several seams into the predica- 
ment shown at o. Finally^, should a dike h make at i an acute angle with the pave- 
ment, they conclade that the dike has thrown down the coal measures into the posi- 
tion of K. 

Dikes and faults are denominated upthrow or downthrow, according to the position 
they are met with in working the mine. Thus in fig. 743, if the miner is advancing 
to the rise, the dike a b obviously does not change the direction ; but c j> is a down- 
throw dike of a certain number of fathoms towards the rise of tl^basin, and £ f is an 
upthit)w dike likewise towards the rise. On the other hand, when the dikes are met 
with by the miner in working from the rise to the dip, the names of the above dikes 
would be aeversed ; for what is an upthrow in the first case, becomes a downthrow in 
the second, relative to the mining operations. 

3. We have seen that hitches are small and partial slips, where the dislocation does 
not exceed the thickness of the coal-seam ; and they are correctly enough called steps 
by the miner. Fig. 748 repre- 
sents the operation of the hitches 
A, B, c, D, E, F, o, H, on the coal- 
measures. Though observed in 
one or two seams of a field, they 
may not appear in the rest, as is 
the case with dikes and faults. 

In the above description the 
language of the mine has been 
retained but in tbe case of the 
dike, as of the fault-propery it is not that the dike has lifted the coal bed up or 
down, but during the convulsive movements of the earth, when those trap dikes were 
being forced from below, great movements were produced on either side of the fissures, 
through which the molten matter ascended, and hence the alteration in the position of 
the beds, which were previously, perhaps, nearly in a horizontal plane, 

FEATHERS. (^Plumesy Fr. ; Federuy Germ.) “The most beautiful, the most com- 
plex, and the most highly elaborated of all the coverings of animals, due to the de- 
velopment of the epidermal system, is the plumage of birds.” — Ow?cn. 

A feather consists of the “ quili” the “ shaft,’^ and the “ vane.” The vane consists 
of “ barbs ” and “ barbules.” 

The quill is pierced by a lower and an upper orifice, and contains a series of light, 
dry, conical capsules, fitted one upon another, and united together by a central pedicle. 

The shaft is slightly bent, the concave side is divided into two surfaces by a middle 
longitudinal line continued fVom the upper orifice of the quill, tbe convex side is smooth. 
Both sides are covered with a homy material similar to that of the quill, and they 
enclose a peculiar white, soft, elastic substance, called the The^rftrare 

attached to the sides of the shath The barbules are given off from either side of the 
barbs, and are sometimes similarly barbed themselves, as may be seen in the barbules 
of the long feathers of the peacock's taii 

The barbules are commonly short and close set, and curved in contrary directions, 
so that two adjoining series of barbules interlock together and form the mechanism 
by which the barbs are compacted into the close and resisting vane of the quill, or 
“ feather,” properly so called. When the barbules are long and loose, they characterise 
that form of the feather which is properly called a “ plume,” and such are the most 
valuable products of the plumage of birds in a commercial point of view, as e. g. the 
plumes of the ostrich. 

The Dowx. — The lower barbs in every kind of feather are usually loose, forming 
the down, which is increased in most birds by what is called the “ accessory plume.” 
This is usually a soft downy tuft, but varies in different species, and even in the 
feaffhers of different parts of the body of the same bird. The valu^of feathers fonbed 
stuffing depends upon the proportion of loose soft down that enters into their composi- 
tion ; and as the “ accessory plume ” in body feathers of tbe swans, geese, and 

duck^ is almost as long as the feather which it springs, hence arises the com- 

mercial value of the feathers of those aquatic birds. — Owen. 

The first covering of the young bird is a down. In most birds a certain portion of 
the down feathers is retained with the true feathers, and this proportion is usually' 
greatest in the aqnatie birds. 

It is most remarkable in the eider duck {Anas molUssimd). “The down of the 
eider combines, with its peculiar softness, fineness, and lightness, sc^great a degree of 
elasticity that the qoantity of this beautiful material which might be compressed and 
concealed between the two bands of a man, will serve to stuff the coverlet of a bed.” 
— Owen. 
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' Feathers constitute the subject of th« manufacture of the T^lumassier, a name given 

to the artisan who prepares the feathers of certain birds as ornaments for ladies and 
; for military men, and to him also who combines the feathers in various forms. We 

1 shall content ourselves with describing the method of preparing ostrich feathers, as most 

I others are prepared in the same way. 

i Several qualities are distinguished in the feathers of the ostrich ; those of the male, 

! in particular, are wliiter and more heantifol. Those upon the back and above the 

wings are preferred ; next those of the win^, and lastly, of the tail. The down is 
I merely the feathers -of the other parts of the body, which vary in length from 4 to 14 

I inches. This down is black in the male^ and grey in the females. The finest ^hite 

‘ feathers of the female have always their ends a little greyish, which lessens their 

! lustre, and lowers their price. These feathers are imported from Algiers, Tunis, 

1 Alexandria, Madagascar, and Senegal; this being the order of their value. 

[ The process is thus performed : —4 ounces of white soap, cut small, are 

I dissolved in 4 pounds of water, moderately hot, in a large basin ; and the solution is 

I made into a lather by beating with rods. Two bundles of the feathers, tied with 

packthread, are then introduced, and are robbed well with the hands for five or six 
i minutes. After this soaping they are washed in clear water, as hot as the band 

; can bear. 

The whitening or bleaching is performed by three successive operations. 

1. They are immersed in hot water mixed with Spanish white, and well agitated 
in it ; after which they are washed in three waters in succession. 

2. The feathers are azured in cold water containing a little indigo tied up in a fine 
cloth. They should be passed quickly through this bath. 

3. They are sulphured in the same way as straw hats are (see Sulphuring) ; they 
are then dried by hanging upon cords, when they must be well shaken from time to 
time to open the fibres. 

The ribs are scraped with a bit of glass cut circularly, in order to render them very 
pliant By drawing the edge of a blunt knife over the filaments they assume the 
j curly form so much admired. 

Those feathers which are of a dingy colour are dyed black. For 20 pounds of 
feathers, a strong decoction is made of 25 pounds of logwood in a proper quantity of 
j water. After boiling it for 6 hours, the logwood is taken out, 3 pounds of copperas 

i are thrown in ; and, after continuing tfce ebullition for 15 or 20 minutes, the copper 

* is taken from the fire. The feathers are then immersed by handfuls, thoroughly 
soaked, and worked about ; and left in two or three days. They are next cleansed in 
a very weak alkaline lye, and soaped three several times. When they feel very soft 
to the touch, they must he rinsed in cold water, and afterwards dried. White feathers 
t are very difficult to dye a fine black. 

‘ For dyeing other colours, the feathers should be previously well bleached by the 

action of the sun and the dew; the end of the tube being cut sharp like a toothpick, 
and the feathers being planted singly in the grass. After fifteen days’ exposure, they 
I are cleared with soap as above described. 

Jiose colour or pink, is given by safi3ower and lemon juice. 

Deep redf by a boiling hot bath of Brazil wood, after aluming. 

Crimson, * jhie above deep red feathers are passed through a bath of cudbear. 

Prune de Monsieur. The deep red is passed through an alkaline bath. 

Blues y eveejf shadcy arcfdyed with the indigo vat, 

Yelhur*^ afterburning, with a bath of turmeric or weld. 

Other tints may be obtained by a mixture of the above dyes. 

Feathers supply us with a soft elastic down on which we can repose our wearied 
frames, and enjoy sweet slumbers. Such are called bed feathers. 

Goose feathers are mosrWteemed. There is a prejudice that they are best when 
j plucked from the living bird, which is done thrice a year, in spring, midsummer, and 

; the ^^eginning of harvest. The qualities sought for in bed feathers are softness, 

1 elasticity, lightness, and warmth. Their only preparation when cleanly gathered are 

, a slight beating to clear away the loose mat^r, but for this purpose they must be first 

; well dried either by the sun or stove. Stoving or hot air being also necessary to 

remove any animal matter liable to putrefy. 

The feathers of the eider duck. Anas mollissima, called eider down, possess in a 
superior degree all the good qualities of goose down. It is used only as a covering to 
beds, and never should be slept ujwn, as it thereby loses its elasticity. 

Qmlls for writing. These consist usually of the feathers plucked out of the wings 
of geese. Dutch quills have been highly esteemed, as the Dutch were the first who 
hit upon the art of preparing them well, by clearing them both inside and outside IVom 
7 a fatty humour with which they are naturally impregnated, and which prevents the 

ink from flowing freely along the pens made with them, l^e Dutch for a long time 
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employed hot cinders or ashes to attain this end ; and their secret tras preserved very 
carefully, hut it at length transpired, and the process -was then improved. Adiath of 
very fine sand must be kept constantly at a suitable temperature, which is about 140° 
F. ; into this the quill end of the feather must be plunged, and left in it a few instants. 
On taking the feathers out they must be strongly rubbed with a piece of flannel, after 
which they are found to be white and transparent. Both carbonate of potash in solution 
and dilute sulphuric acid have been tried to effect the same end, but without success. 
The yellow tint which gives quills the air of age, is produced by dipping them for a 
short time in dilute muriatic acid, and then making them peiibctly dry. But this 
prooess mnst be preceded by the sand-bath operation. 

QnlUs ai^ dressed by the London dealers in two ways ; by the one, they remain of 
their natural colour ; by the other, they acquire a yellow tint. The former is called 
the Dutch method, and the principal workman is called a Butcher. He sits before a 
small stove fire, into which he thrusts the barrel- of the quill for about a second, then 
lays its root quickly below his blunt-edged knife, called a hook, and, pressing this 
firmly with the left hand, draws the quill briskly through with his right. The bed on 
which the quill is laid to receive this pressure is called the plate. A skilful workman 
can pass 2000 quills through his hands in a day of ten hours. They are next cleansed 
by being scrubbed by a woman with a piece of rough dog-fish skin, and then tied up 
in bundles. 

In the goose’s wing, the five exterior feathers only arc valuable for writing ; the 
first is the hardest and roundest of all, but the shortest ; the next two are the b^ of 
the five. The heaviest quills ate generally the best. 

FECULA (Fecufe, Fr. ; Stdrkemehl, Germ.) sometimes signifies com flour, some- 
times starch, from whatever source obtained ; and it is also applied to chlorophyll, 
the green matter of plants. The term is applied to any pulverulent matter obtained 
from plants by simply breaking down the texture, washing with water, and sub- 
sidence. 

FEEDEK, a mining term. A small lateral lode falling into the main lode or 
mineral vein. 

FELL. The hide of an auimal. 

FELL-MONGER. The business of the fellmonger is to separate the wool from 
the skin. The wool is sold to the woolstapler, and the stripped skins sent to the leather 
dressers or parchment makers. 

FELSPAR {Orthose, Fr. ; FeUspalh, Germ.) is a mineral crystallising in oblique 
rhomboidal prisms, susceptible of two cleavages ; lustre more pearly than vitreous ; 
spec. grav. 2-39 to 2'58 ; scratches glass, but is softer than quartz ; yields no water 
when calcined j fusible at the blowpipe into a white enamel j not affected by acids. 
The liquid left from its analytical treatment with nitrate of baryta, nitric acid, and 
carbonate of ammonia affords on evaporation an alkaline residuum which precipitates 
platina from its chloride, and appears from this, as well as other testi^ to be potash. 
Felspar consists of silica, 66 'ZS; alumina, 17'50; potash, 12 ; lime, 1'25 ; oxide of 
iron, 0'7 5. — ( Rose.) This mineral is a leading constituent of granite ; some Varieties 
of which, by the decomposition of the included felspar, furnish the petuntze or Cornish 
stone, so much used in the porcelain and best pottery manufactures. 

The Felspars may be divided into four groups : — 

I. Potash felspar (which often contains some soda) ; common felspar, or orthoclase ; 
and leucite. 

II. Soda felspar (or soda and potash) ; albite, ryacolite, oligoclase. and nepheline. 

III. Soda and lime felspar (containing some potash), andesine, vosgite. 

IV. Lime felspar ; anorthite, labradorite, thiorsaurite. 

V. Lithia felspar, or petalite. 

I. Obthoclase, the common constituent of granite, of which it ordinarily composes 
from 40 to 45 per cent. , consists of silicti, 65'85, alumina, 18'06, potash, 1 6’59 = lOO'OO. 
It Ik colourless, or pale flesh-coloured, or yellow. The name is generally restricted 
to the subtranslucent varieties, there being many sub-varieties founded on variations 
of lustre, colour, &c., to which other names have been given. Amongst the varieties 
so comprehended under the general name of orthoclase, the principal are adularia, 
transparent or translucent felspars found in large crystals in granitic rocks. Moonstone 
and sunstone are varieties of adularia, which are described under their proper 
letters. In addition to potash, some specimens of adularia contain more than four 
per cent, of soda. 

Glassy felsp.ab {Sanidin, ice-spar in part), occurs crystallised in the form of a 
clear transparent glass in trachytie and volcanic rocks. m 

Mobchisonite, named after the distinguished geologist and founder of the Silurian 
system, is a yellowish-grey or flesh-red felspar from Dawlisb, and from Heavitree, 
near Exeter..; It is remarkable for its opalescence. 
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ERTTBBrrB is a flesh-eoloured felspar, occniring in amygdaloid near Kilpatrick. It 
contains 3 per cent of magnesia. 

Leucite is not so hard as orthoclase, is transparent and infusible. It occurs in 
detached trapezohedral crystals of a white colour, which, from the similarity of their 
forms to the common variety of garnet, have obtained the name of “ white garnet.” 
It is found abundantly in trachyte on the Rhine, between Lake Laach and Andernach, 
and also in the older lavas of Vesuvius, some of which appear to be almost entirely 
composed of it. “ The lencitic lavas, of the neighbourhood of Rome, have been used, 
for the last 2000 y^rs at least, in the formation of millstones.” — Dana. 

It is composed of silica, 65'1 ; alumina, 23"4 j potash, 210 = lOO'O. o 

II. Albite, or Ckavelandite is frequently a constituent of granite, and, more 
frequently than coQUndn felspar, of syenite and greenstone; but it often occurs 
associated with the latter in the same granite, when it may be distinguished by its 
greater whiteness and translncency. It is composed of silica, 687; alumina, I9'5; 
soda, 11‘8 = lOO'O. 

Rvacoeite is supposed by Bose to be a mixture of felspar and nepheline. It 
resembles glassy felspar, and occurs in doubly oblique rbwbic prisms. It consists of 
silica, 51-86; alumina, 28-66 ; lime, T30; soda, 1T60; pot^, 6«58 = lOO'OO. 

It is found in the trachytes of Bohemia and Hungary, in the lavas of Vesuvius, 
and in pitcbstone in the islands of Aivan and Rum. 

Olioocease, or soda spodumene, consists of silica, 62 -3 ; alumina, 23-5 ; soda, 14 2 = 
100-0. It occurs in porphyry, granite, syieniie, serpentine, and basalt. At Tencriffe 
it is met with in trachyte. 

Nepheeine, or Rhomboidal felspar, occura in six-sided prisms, and is composed of 
silica, 44-4; alumina, 33-6 ; soda, 16-9; potash, 5-1 = 100-0. 

The name nepheline includes the crystallised varieties from Vesuvius, while, under 
the name Elaeolite, are comprised the coarser massive varieties with a greasy lustre. 
It is found in the older lavas of Vesuvius, and in the lava of Capo di Bove, near Rome. 

III. Andeswe occurs in a whitish syenite in the Andes, in the Vosges, and else- 
where. It consists of silica, 60-16 ; alumina, 23-86 ; peroxide of iron, 1-65 ; magnesia, 
0-84; lime, 5-91 ; sod^ 6-58; potash, 1-00^= 100 00. 

Vosgite is Labradorite rendered hydrous by partial alteration. It is of a whitish 
colour, sometimes with a shade of green or blue, and has a pearly or greasy lustre. 
It consists of silica, 49-32 ; alumina, 30-07^ ; peroxide of iron, 0-70 ; protoxide of man- 
ganese, 0-60; lime, 4-25; magnesia, 196: soda, 4-85; potash, 4-45; water, 3-15 = 
99-35.-^Z>efc*ie.) Found in the porphyry of Temnay in the Vosges. 

IV. Ajxorthite occurs in white translucent or transparent crystals, with a vitreous 
lustre, inclining to pearly on the planes of cleavage. It consists of silica, 43-2 ; 
alumina, 36-8 ; lime, 20-0. Occurs among the old lavas of Vesuvius in the ravines 
of Monte Somma, and in the islaud of Procida, in the bay of Naples. It has also 
lately been found by Professor Haugbton, in syeuitic dykes traversing limestone 
(forming 85 per cent, of the rock), near Carlingford in Ireland. 

Thiobsaurite is an Icelandic variety of anorthite, and consists of silica, 48-36; 
alumina, 30-59 ; peroxide of iron, 1 -37 ; magnesia, 0-97 ; protoxide of manganese, a 
trace; lime,^17-16 ; soda, 1-13 ; potash, 0-62 = 100-20. — Genth. 

LABRADOlOT^^or Labrador felspar, consists of silica, 53-69 ; alumina, 29-68 ; lime, 
12-13 ; sodh, 4-50^00-00. 

It occurs jminc^Wy as B constituent of other rocks, in the lavas of Etna and Vesu- 
vius, in theorieetal verde antique of Greece and other porphyries, as well as in certain 
homblendic rocks, granites, and syenites. On the coast of Labrador, whence it was 
originally bronghli it is associated with hornblende, hypersthene, and magnetic iron 
ore.. Labradorite receives a fine polish, and on account of its beautiful chatoyant 
relllctions, it is valued for ornamental purposes and sometimes used in jewellery. The 
parts exhibiting the varied play of colours are disposed in irregular spots and patche.s, 
and the same spot, if held in different positions, displays various tints, of which violet 
and red are the most rare. 

The play of colours is supposed to be produced by microscopic crystals of quartz 
imbedded in the stone, (?) 

It is manufactured into brooches, bracelets, snuff-boxes, &c. It looks best when 
cut in plain, very flat cabochon, and a great deal of skill is required to divide the 
stone in such a manner that the iridescent portions (on which its beauty depends) 
may be displayed to the utmost advantage. 

V. Petaette is remarkable as being the mineral in which Arfvedson first dis- 
covered litbia. li^is white, frequently with a reddish tinge, and possesses a glistening 
lustre and a lamellar structure. Translucent. Not affected by acids. Emits a blue 
phosphorescent light when gently heated. 

It consists of silica, 77-9; alumina, 17-7; lithia, 3-1 ; soda, 1-3 = 100-0. The only 
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known Earopean locality is the iron mine of Uton, an island 35 miles S E. of Stockhtdm. 
It is found in the United States, and in toper Canada, near York, on l,ake Ontario. 

FELSPATHIC. Of or belonging to raspar. ' „ 

FELTING (,Feutrage, Fr. ; Fiizen, Germ.) i* the process hy which loose flocks 
of wool, and hairs of varions animals, as the heaver, rabbit, hm-e, &c., are mutually 
interlaced into a com|»ct textile fabric. The first step towa^ making felt is to mix, 
in the proper proportions, the different kinds of fibres intended to form the staff; and 
then, by ^e vibratory strokes of the bowstring, to toss them up in the air, and to 
cause them to fiill as irregshuly as possible, npon the table, opened, spread, and 
scattCTed.^ 'The worksaan covers this layer of loose flocks with a piece of thick 
blankcMgtf slightly moistened; he presses it with his hands, moving the hairs 
baekwainSpad forwards in all directions. Thus the different fibt^ get interlaced, by 
their ends pursuing ever tortuous paths ; their vermicular motion being always, how- 
ever, root foremost. As the matting gets denser, the hand pressure should be in- 
creased in order to overcome the increasing resistance to the decussation. 

A first thin sheet of soft spongy felt being now formed, a second is condensed upon 
it in like manner, and then a third, till the requisite strength and thickness be ob- 
tained. These different pieces are successivdy brought together, disposed in a way 
suitable to the wished-for article, and united by continued dextrous pressure. The 
stuff must be next subjected to the fulling mill. See Hat Manufacture, under 
which head the process of felting is deswibed. 

FERMENT (Eng. and Fr. ; Hefe, merBi.) is the substance which, when added 
in a small quantity to vegetable or aninbl fluids, tends to excite those intestine motions, 
and changes, which accompany fermentation. It seems to be the result of an alteration 
which vegetable albumen and gluten undergo with contact of air amidst a fermenting 
mass. The precipitates or tees which fall down, when fermentation is finished, consist 
of a mixture of the fermenting principle with the insoluble matters contained in the 
fermented liquor, some of which, like hordeine, existed in the worts, and others are 
probably generated at the time. 

To prepare a pure ferment, or at least a compound rich in that principle, the pre- 
cipitate separated during the fermentation of a clear infusion of malt, commonly called 
yeast or barm, is made use of. This pasty matter must be washed in cold distilled 
water, drained and squeezed between the folds of blotting paper. By this treatment 
it becomes a pulverulent mass, composed of small transparent grains, yellowish grey 
when viewed in the compound microscope. It contains much water, and is therrfore ■ 
soft, like moist gluten and albumen. When dried it becomes, like these bodies, 
translucid, yellowish brown, homy, hard, and brittle. In the soft humid state it is 
insipid, inodorous, insoluble in water and alcohol. If in this state the fitment be 
left to itself, at a temperature of from 60^ to 70° F., but not in too dry a sitoation, it 
putrefies with the same phenomena as vegetable gluten and albumen, and leaves, like 
them, a residuum resembling old cheese. See Fermentation and Yea^. 

FERMENTATION. (Fermentation, Fr. ; CfdArung, Germ.) A change which takes 
place, under the influences of air and moisture at a certain temperature, in the con- 
stituent particles of either vegetable or animal substanees. This change is indi- 
cated by a sensible internal motion — the development of heat — the evolution of 
gaseous products. Fermentation may be divided into several kinds, as — 

Saccharine, Butyric, 

Acetic, Glyceric, 

Alcoholic or Vinous, Lactic, 

Putrefactive, Mucous. 


Of the latter examples but a brief notice is required. Mucous fermentation is esta- 
blished when the juice of the beetroot or carrot is kept at a temperature of 100® fiw 
some time, when a tumultuous decomposition takes place. All the sugar disappears, and 
the liquor is found to contain a large quantity of gum, and of mannite with lactic acid. 

Lactic Fermentation. — If a solution of one part of sugar in five parts of water be 
made to ferment, by the addition of a small quantity of cheese or ammal membrane, 
at a temperature of 90° or 100°, lactic acid is form^ which may be separated by 
adding a little chalk, the lactate of lime depositing in crystalline grains. In lactic 
fermentation mannite invariably is produced as a secondary product, the formation of 
which is not explained. It has been suggested that the formation of mannite is con- 
nected with the production of succinic acid, which Schmidt, in a letter to Liebig, states 
that he has found in fermenting liquids containing sugar. He suggests the following 
formula ; — m 

C»HW + C’lPO* = 


Sf^nnite. 


Sucdaic acid. 


Grape sugar. 
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Glyceric Fermentation. — Vfhea glycerine is mixed with yeast, and kept in a warm 
place for some weeks, it is decomposed and converted into metacetonic acid. This 
fermentation resembles the last named. The glycerine, C“H'0‘, forming metacetonic 
acid, C'ffO*, as sugar, C'H'O', does lactic acid, by loss of the elements of 

water. — Kane. 

Butyric Fermentation. — If the lactic fermentation is allowed to proceed beyond the 
point indicated for the formation of lactate of lime, the precipitate in part redissolves 
with a very copious evolution of hydrogen gas, and carbonic acid, and the liquor 
contains butyrate of lime. In this action two atoms of lactic acid, 
produce butyric acid, carbonic acid, and hydrogen gas. • 

Putrefactive Fermentation. See PoTREFAcnby. 

The three first named kinds of fermentation demand a more especial attention from 
their importance as processes of manufacture. Under the heads respectively — Acetic 
Acid, Beer, Brewing, Distillation, Malt, and Wine, will be found everything 
connected with the practical part of the subject ; we have therefore only now to deal 
with the chemical and physical phenomena which are involved in the remarkable 
changes which take place. When vegetable substances are in contact with air and 
moisture, they undergo a peculiar change (decomposition). Oxygen is absorbed and 
carbonic acid and water are given off, while there is a considerable development 
of heat. This may take place with greater or less rapidity, and thus eremacausis, 
fermentation, or combustion may be the result; the spontaneous ignition of hay (as 
an example) being the final action of this absorption of oxygen. 

Saccharine Fermentation. — -If starch, + 2HO, be moistened with an infusion 

of pale malt, it is rapidly converted into dextrine, and hence into grape 

sugar, this is especially called the saccharine fermentation, since sugar is 

the result. 

Acetic and Alcoholic Fermentation. — If sugar is dissolved in water, it will remain 
perfectly unaltered if the air is excluded ; but if exposed to the air, a gradual decom- 
position is brought about, and the solution becomes brown and sour. Oxygen has been 
absorbed, and acetic acid produced. If, however, the sugar is brought into contact with 
any organic body which is in this state of change, the particles of the sugar participate 
in the process, carbonic acid is evolved, and alcohol produced. There are some sub- 
stances which are more active than others in producing this change. Yeast is the most 
remarkable ; hut blood, white of egg, glue, and flesh, if they have begun to putrefy, are 
capable of exciting fermentation ; vegetable albumen and gluten being, however, more 
active. Vegetable albumen, gluten, and legumin differ from most vegetable bodies in the 
large quantity of nitrogen which they contain. These substances exist in all fnnts, and 
hence, fruit is crushed, the sugar of the juices in contact with the albumen or 
gluten being then exposed to the air, oxygen is rapidly absorbed, the nitrogenous body 
begins to putrefy, and the sugar passes into fermentative activity. The necessity for 
oxygen is at the commencement of the decomposition ; when the putrefaction of the 
albumen or gluten has once begun, it extends throughout the mass without re- 
quiring any further action of the air. These may be regarded as natural fer- 
ments. Yeast is an artificial one. This body will be more particularly described. 
See Yeast. 

To prodiice'C vinous liquid, it is necessary that there shall he present sugar, or 
some body, ap starch or gum capable of conversion into sugar, a certain portion of 
water, and si^e ferment-i-for all practical purposes yeast ; and the temperature should 
he steadily mainfiuned at about 80® P. Both cane and grape sugar yield alcohol by 
fermentation, but Liebig considers that cane sugar, before it undergoes vinous fermen- 
tation, is converted into grape sugar by contact with the ferment ; and that, conse- 
quently, it is grape sugar alone which yields alcohol and carbonic acid. 

Grape sugar, as dried at 212°, contains exactly the elements of two atoms of 
alcohol and four of carbonic acid. As 2(C*H*0>) and 400* arise from 

Cane sugar takes an atom of water to form grape sugar. It follows therefore*that 
cane sugar should in fermenting yield more than its own weight of carbonic acid 
and alcohol ; and it has been ascertained by experiment that 100 parts actually give 
104, whilst by theory 105 should be produced, consisting of 51-3 of carbonic acid, and 

53-7 of alcohol (Kane.) Dr. Pereira has given the following very intelligible 

arrangement to exhibit these changes : — 


• UATBRTAL. 


COMPOSITION. 
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These facts ’will sufficient!)' prove that vinous or alcoholic fermentation is hut a 
metamorphosis of sugar into alcohol and carbonic acid. 

Such are the generally received views. We find, however, some other views pro^- 
mulgated which it is important to notice. 

Liebig calls putrefactive fermenUition, — every process decomposition which, caused 
by external influences in any part of an organic compound, proceeds through the 
entire mass without the fhrUier co-operation of the original cause. Fermentation, 
according to Liebig^ definition, is the decomposition exhibited in the presence of 
putr^ing subitancM or ferments, by compounds nitrogenous or non-nitrogenous, 
whicn alone are not capable of putrefaction. He distinguishes, in both putrefaction 
and fl^^aethation, processes in which the oxygen of the atmosphere continually co- 
opera^lf'^Bpia such as are accomplished without further access of atmospheric air. 

Liebig opposes the view which considers putrefaction and fermentation as the 
resnlt of vital processes, the development of vegetable formations or of microscopic 
animals. He adduces that no trace of vegetal formations are perceptible in milk 
which is left for some time in vessels carefiilly tied over with blotting paper, not 
even after fermentation has regularly set in, a large quantity of lactic acid having 
been formed. He further remarks of fermentative processes, that alcoholic fermen- 
tation having been observed too exclusively, the phenomena have been generalised, 
while the explanation of this process ought to be derived rather from the study of 
fermentative phenomena of a more ^perahWiaracter. 

Blondeau propounds the view that ev^ry. kind of fermentation is caused by the 
development of fungi. Blondeau states that alcoholic fermentation is due to a fungus 
which he designates Tarvnla cerevisia ; whilst another, Penicillium glaucum, gives rise to 
lactic fermentation. The latter fermentation follows the former in a mixture of 
30 grm. of sugar, lOgrm. of yeast, and 200 c. c. of water, which has undergone 
alcoholic fermentation at a temperature of about 20®, being terminated in about two 
days. Beer yeast, when left in contact with water in a dark and moist place, contains, 
according to Blondeau, germs both of Torvula cerevUice, and of Penicillium glaucum ; 
the former can be separated by a filter, andwUl induce alcoholic fermentations in 
sugar water, whilst the latter are extremely minute, and pass through the filter j the 
filtrate, mixed with sugar water, gives rise to lactic fermentation. Acetic fermen- 
tation is due to the development of Torvula aceti ; sugar is converted into acetic acid, 
without evolution of gas, if 500 grm. dissolved in a litre of water, be mixed with 
200 grm. of casein', and confined in contact for a month at a temperature of about 20®. 
The conversion of nitrogenous substances into fat (for instance, of casein, in the 
manufacture of Roquefort cheese ; of fibrin under similar circumstancesX which 
Blondeau designated by the term fatty fermentation (fermentation caused 

by Penicillium glaucum or Torvula viridis j and the former fungus is stated to act 
likewise in butyric and in urea-fermentation (conversion of the nrea into a car- 
bonate of ammonia). 

Opposed to this view Schubert has published an investigation upon yeast. In 
order to prove that the action of yeast is due merely to its porosity, he founds his 
investigation upon some experiments of Brendecke (particularly in reference to the 
statement that fermentation taking place in a solution of sugar in contact with porous 
bodies is due to an imparity of sugar); according to which various porous bodies, 
such as charcoal, paper, flowers of sulphur, &c., to which some bitartrate of ammonia 
is added, are capable of inducing fermentation in a solution of raw sugar. His ob- 
servations are also based upon some experiments of his own, which seem to indicate 
that porous bodies, even without the addition of a salt, are capable of exciting fermen- 
tation in a solution of (pure ?') cane sugar. ^Vhatever may be the means wherel^ 
alcoholic fermentation is induced, he states it to be indispensable that tbe bo^ in ' 
question should be exposed for some time to the influence of air, and that oxygen aM’ 
carbonic acid are absorbed by the ferment. Both oxygen and carbonic acid, being 
electro-negative substances, stand in opposition to the clectro-pcreitive alcohol, and 
therefore predispose its formation, but only when they are highly condensed by the 
powerful surface attraction of the yeast, or of any porous body. The electrical 
tension, he states, may be increased by many sidts, provided that the latter do not at 
the same time chemically affect either the sugar or the ferment 

C. Schmidt has communicated the results of his experiments to the Annale 
Chem. Pharm. After stating numerous experiments, he continues: “ Nor are fungi 
the primum movens of saccharic fermentati<ai ; the clear filtrate obtained by throwing 
almonds crushed in water upon a moist filter, soon induces fermentation in a solutioh 
of urea and of grape sugar ; in the latter case, no trace of ferment cells can be dis- 
covered under the microscope, not even after fermentation is fullj^ developed. If th© 
solution, still containing sugar, is allowed to stand eight days or a fortnight after 
fermentation has ceased, an exuberant development of celltdar ^gregations is ob- 
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served, but no putrefaction ensues; the fungi, irell washed and introduced into a 
fresh solution of grape sugar, continue to grow luxuriantly, inducing, however, if at 
all, hut very weak fermentation, which rapidly ceases ; hence the growth of fungi 
during fermentative processes is but a secondary phenomenon. The increase of the 
residuary ferment, which occurs after yeast has been in contact with sugar, arises 
from a development of ferment cellulose, which probably takes place at the expense 
of the sugar. If muscle, gelatine, yeast, &c., in a very advanced state of putrid de- 
composition he introduced into a solution of 1 sugar in 4 water, all phenomena of 
putrefaction disappear ; after a few hours, active fermentation sets in, ferment cells 
being formed, and the liquid contains alcohol, hut no mannite. The inactivity of 
crushed yeast is due, not to the destruction of the fungi, but to the chemical changes 
which are induced in yeast during the considerable time necessary for complete com- 
minution. The crushed cells, introduced into sugar water, give rise to the produc- 
tion of lactic acid, without evolution of gas.” Schmidt is of opinion that fermentation 
is a process analogous to the formation of ether. He believes that one of the con- 
stituents of yeast, together with the elements of grape sugar, gives rise to the forma- 
tion of one or several compounds, which are decomposed in statu nascenti (like 
sulpho-vinie acid), splitting into alcohol and carbonic acid. 

We believe that the preceding paragraphs fairly represent the views which have been 
promulgated upon the phenomena of change, which are in many respects analogous 
to those of combustion and of vitality, prffiented in the fermentative processes. 
Much has been done, but there are still some points which demand the careful at- 
tention of the chemist. , 

In a practical point of view, the question which arises from the alteration in the 
specific gravity of the fluid by fermentation is a very important one, a knowledge 
of the original gravity of beer being required to fix the drawback allowed upon 
beef when exported, according to the terms of 10 Viet, c. 5. By this act a drawback 
is granted of 5s. per barrel of thirty-six gallons, upom beer exported, of which “ the 
worts used before fermentation were not of less specific gravity than r054, and not 
greater specif gravity than l-OSl,” and a drawback of 7s. 5d. per barrel upon beer 
of which “ the worts used before fermentation were not of less specific gravity than 
I'OSl.” The brewer observes the original gravity of ^is worts by means of some 
form of the hydrometer, and preserves a record of his observation. The revenue 
officer has only the beer, from which he has to infer the original gravity. From 
the great uncertainty which appeared to attend this question,' Professors Gra- 
ham, Hofmann, and Redwood were employed by the Board of Inland Revenue to 
discover how the original gravity of the beer mgiht be ascertained most accurately 
from the properties of the beer itself. When worts are fermented, the sugar passes 
into alcohol, and they lose in density, and assume as beer a different specific gravity 
The gravity of the wort is called the original gravitg — that of the beer, beer gravilg. 
The report of Graham, Hofmann, and Redwood, upon “ original gravities,” may be 
supposed to be in the hands of every brewer ; but as some of the points examined 
materially explain many of the phenomena of vinous fermentation, we have trans- 
ferred a few paragraphs to our pages : — 

“ As the alcohol of the beer is derived from the decomposition of saccharine 
matter only, aad represents approximately double its. weight of starch sugar, a 
speculative original gravity might be obtained by simply increasing the extract 
gravity of the beer by that of the quantity of starch sugar known to be decomposed 
in the fermentation. The inquiry would then reduce itself to the best means of ascer- 
taining the two experimental data, namely, the extract gravity and the proportion of 
alcohol in the beer, particularly of the latter. It would be required to decide whether 
the alcohol should be determined from the gravity of the spirits distilled from the 
beer ; by the increased gravity of the beer when its alcohol is evaporated off ; by the 
boiling point of the beer, which is lower the larger the proportion of alcqhol 
present ; or by the refracting power of the beer upon light — various methods re- 
commended for the valuation of the spirits in beer. 

“ Original gravities so deduced, however, are found to be useless, being in error 
and always under the truth, to an extent which has not hitherto been at all accounted 
for. The theory of brewing, upon a close examination of the process, proves to be 
less simple than is implied in the preceding assumption ; and other changes appear to 
occur in worts, simultaneously with the formation of alcohol, which would require to 
be allowed for before original gravities could be rightly estimated. It was found 
necessary to stu^ the gravity in solution of each by itself, of the principal chemical 
substances which are found in fermented liquids. These individual gravities defined 
the possible range Of variation in original gravity, and they brought out clearly for 
the first time the nature of the agencies which chiefly affect the result. 

“ The use of cane sugar is now permitted in breweries, and the solution of sugar 
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may be studied first as the' wort oPsimplrat composition. The tables of the ^cific 
gravity of sugar solutions, constructed by Mr. I^te, have been verified, and are con- 
sidered entirely trustworthy. The Gumters in the first and third colnmns of Table I., 
which follows, are however, from new observations. It is t» be remarked that these 
numbers have all reference to weights, and not to measnres. A solution of cane 
sugar, which contains 25 grains of sugar in 1000 grains of the fluid, has a specific 
gravity of 1010-1, referred to the gravity of pure water taken as 1000 ; a solution of 
50 grains of ease eu^tr fat 1000 grains of fluid, a specific gravity of 1020-2, and 
so on. The propwt^ Mtbsa eootained in the sugar is expressed in the second 
coln&utj thenombereb^gtMained from the calculation that 171 parts by weight 
of oaae i§sar consist of 72 parts of carbon, 1 1 parts of hydrogen, and 

88 or of 72 parts of cprbon combined with 99 parts of the elements 

of wat^^tjt IS ns^l to keep thus in view the proportion of carbon in sugar so- 
lutions, as lhat element is not involved in several of the changes which precede or 
accompany the principal change which sugar undergoes during fermentation, and 
which changes only affect the proportion of the oxygen and hydrogen, or elements of 
water, combined with the carbon. The proportion of oxygen and hydrogen in the 
altered sugar increases or diminishes during the changes referred to ; but the carbon 
remains constant, and affords, therefore, a fixed term in the comparison of different 
solutions. 


Tabi.e I. — Specific solutions of Cane-sugar in water. 


Cane Sugar, in 1000 parts 
by weight. 

Carbon in tOOOj^tik 
by weight. ▼ 

Specific Gravity. 

25 

“ 10-53 

loio-l 

50 

21-05 

1020*2 

75 

31-58 

1030-2 


42-10 

1040-6 

125 

52-63 

1051 

150 

63-16 

1061-8 

175 

73-68 

1072-9 

200 

84-21 

1083 8 

225 

94-73 

1095-2 

250 

105-26 

1106-7 


“ When yeast is added to the solution of cane sugar in water, or to any other sac- 
charine solution, and fermentation commenced, the specific gravity is observed to 
fall, owing to the escape of carbonic acid gas, and the formation of alcohol, which 
is specifically lighter than water; 171 grains of sugar, together with 9 grmns of 
water, being converted into 92 grains of alcohol and 88 grains of carbonic acid 
+ 4CO“). But if the process of fermentation be closely 
watched, the fall of gravity in cane sugar will be found to be preceded by a decided 
increase of gravity. Solutions were observed to rise from 1055 to 1058, or 3 degrees 
of gravity, within an hour after the addition of the yeast, the last being in the usual 
proportion for fermentation. When the yeast was mixed in minute quantity only, 
such as 3J5 of the weight of the sugar, the gravity of the sugar solution rose gradually 
in four days from 1055 to 1057-91, or also nearly 3 degrees -, with no appearance, at 
the same time, of fermentation or of any other change in the solution. This remark- 
able increase of density is owing to an alteration which takes place in the constitution 
of the cane sugar, which combines with the elements of water and becomes starch 
sugar, a change which had been already proved by H. Rose and by Duhrunfaut, to 
precede the vinous fermentation of cane sugar. The same conversion of cane sugar* 
into starch sugar, with increase of specific gravity, may be shown by means of acids 
as ^ell as of yeast. A solution of 1 000 parts of cane sugar in water, ha-ving the specific 
gravity 1054-64, became with 1 part of crystallised oxalic acid added to it 1054-7 ; 
and being afterwards heated for twenty-three houre to a temperature not exceeding 
128° Fallr., it was found (when cooled) to have attained a gravity of 1057-63— an 
increase again of nearly 3° of gravity.” 

The difference between the gravities of solutions of cane sugar and starch sugar 
are of great practical value, but these most be studied in the original ; the result how- 
ever being “ that the original gravity of a fermented liquid or beer must be different, 
according as it was derived from a wort of cane sugar or of starch sugar.” 

The gravity of malt wort was determined to be intermediate bet'^en that of pure 
cane sugar and starch sugar, and solutions containing an equal quantity of carbon ex- 
hibited the following gravities : — 

Cane sugar - 1072-9 Pale malt - 1074-2 


Starch sugar - 1076-0 . 
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Two other substances were found to influence the original grarity of the wort: 
dextrin, or the gum of starch, and caramel. Tables are given of the specific 
gravities of these, from which the following results have been deduced ; — 

Starch sugar - - - 1076 

Dextrin - - - - 1066'9 

Caramel - - - - 1062'3 

Caramel is stated to interfere more than dextrin in giving lightness or apparent 
attenuation to fermented worts, without a corresponding production of alcohol. 

“ Another constituent of malt wort, which should not be omitted, is the soluble 
azotised or albuminous principle derived from the grain. The nitrogen was deter- 
mined in a strong wort of pale malt with hops, of the specific gravity 1088, and con- 
taining about 21 percent, of solid matter. It amounted to 0-217 per cent, of the 
wort, and may be considered as representing 3-43 per cent, of albumen. In the same 
wort, after being fully fermented, the nitrogen was found to amount to0134 percent., 
equivalent to 2-|l per cent, of albumen. The loss observed of nitrogen and albumen 
may be considered as principally due to the production and growth of yeast, which is 
an insoluble matter, at the cost of the soluble albuminous matter. Solutions of egg- 
albumen in water, containing 3 43 and 211 per cent, respectively of that substance, 
were found to have the specific gravities of 1004-2 and 1003-1. Hence a loss of 
density has occurred during fermentation of 1-1 degree on a wort of 108S original 
gravity, virhich can be referred to a change in the proportion of albuminous matter. 
It will he obser\-ed that the possible influence of this substance and of the greater or 
less production of yeast during fermentation, upon the gravity of beer, are restricted 
within narrow limits.” 

The reporters’ proceed : — 

“ The process required for the determination of the original gravity of beer, must 
be easy of execution, and occupy little time. It is not proposed, in the examination 
of a sample, to separate by chemical analysis the several constituents which have 
been enumerated. In fact, we are practically limited to two experimental observa- 
tions on the beer, in addition to the determination of its specific gravity. 

“ One of these is the observation of the amount of solid or extractive matter still 
remaining after fermentation, which is always more considerable in beer than in the 
completely fermented wash of spirits. A known measure of the beer might be evapo- 
rated to dryness, and the solid residue weighed, but this would be a troublesome 
operation, and could not indeed be executed with great accuracy. The same object 
may be attained with even a more serviceable expression for the result, by measuring 
exactly a certain quantity of the beer, such as four fluid ounces, and boiling it down 
to somewhat less than half its bulk in an open vessel, such as a glass flask, so as to 
drive off the whole alcohol. The liquid when cool is made up to four fluid ounces, 
or the original measure of the beer, and the specific gravity of this liquid heobserved. 
It has already been referred to as to the extract gravity of the beer, and represents a 
portion of the original gravity. Of a beer of which the history was known, the original 
gravity of the malt wort was 1121, or 121° ; the specific gravity of the beer itself 
before evaporation, 1043 ; and the extract gravity of the beer 1056 7, or 56-7°. 

“ The secemd ob^rvation which can be made with sufiicient facility upon the beer, 
is thedeterminatiArof the quantity of alcohol contained in it. This information may 
be obtained most directly by submitting a known measure of the beer to distillation, 
continuing the ebullition till all the alcohol is brought over, and taking care to con- 
dense the latter without loss. It is found in practice that four ounce-measures of the 
beer form a convenient quantity for the purpose. This quantity is accurately 
measured in a small glass flask, holding 1750 grains of water when filled up to a mark 
in the neck. The mouth of the small retort containing the beer is adapted to one end 
of a glass tnbe-condenser, the other end being bent and drawn out for the purpos* of 
delivering the condensed liquid into the small flask previously used for measuring the 
The spirituous di-,tillate should then be made up with pure water to the 
ori^nal bulk of the beer, and the specific gravity of the last liquid be observed by the 
weighing bottle, or by a delicate hydrometer, at the temperature of 60° Fahr. The 
lovrer the gravity the larger will be the preportion of alcohol, the exact amount of 
which may be learned by reference to the proper tables of the gravity of spirits. The 
spirit gravity of the beer already referred to proved to be 985-25 ; or it was 14-05° 
of gravity less than 1000, or water. The ‘spirit indication ’ of the beer was there- 
fore 14-05° ; and the extract gravity of the same beer 56 7°. 

“ The spirit ideation and extract gravity of any beer being given, do we possess 
data sufficient to mkatfle us to determine with certainty the original gravity ? ft 
has already been made evident that these data do not supply all the factors necessary 
for j-eachmgthe required number by calculation. 
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“ The formation of the extractive matter, which chiefly disturbs the OTig»al 
gravity, increases with the progress of the fermentation ; that is, with the proportioii 
of alcohol in the fermenting liquor. But we cannot predicate from theory any 
relation which the formation of one of these substances should bear to the formation 
of the other, and are unable, therefore, to say beforehand that because so much 
sugar has been converted into alcohol in the fermentation, therefore so much sugar 
has also been converted into the extractive substance. 7%at a uniform, or nearly 
uniform relation, however, is preserved in the formation of the spirits and extractive 
substance in beer brewing, appears to be established by the observations which 
follow. Such an uniformity in the results of the vinous fermentation is an essential 
condition for the success of any method whatever of determining original gravities, at 
least within the range of circumstances which affect beer brewing. Otherwise two 
fermented liquids of this class, which agree in giving both the same spirit indication 
and the same extractive gravity, may have had different original gravities, and the 
solution of our problem becomes impossible.” 

The following table, one of several of equal value, gives tbe results of a particular 
fermentation of cane sugar. “ Fifteen and a half pounds of refined ^gar were dis- 
solved in 10 gallons of water, making 10| gallons of solution, of which the specific 
gravity was 1055*3 at 60'^ ; and after adding three fluid pounds of fresh porter yeast, 
the specific gravity was 1055*95. The original gravity may be taken as 1055*3 
( 55 * 30 ). 


Table II. — Fermentation of Sugar-Wort of original gi-avity 1055*3.* 


I. 

Number of 
Obecrvatlon. 

11. 

Period of 
Fermentation. 

ai. 

Degrees of Spirit 
Indication. 

IV. 

Degrees of Extract 
Gravity, 

V. 

Degrees of Extract 
Gravity last. 

1 

Days. 

0 

Hours. 

0 

0 

55-30 

0* 

2 

0 

6 

1-59 

52-12 

3-18 

3 

0 

12 

2T>7 

47-82 

7-48 

4 

0 

19 

3-GO 

43-62 

11-68 

5 

0 

23 

4*33 

40*13 

15*17 

6 

1 

5 

6-31 

35*50 

19-80 

7 

1 

12 

6-26 

31-39 

23-91 

8 

1 

19 

7-12 

27-63 

27-67 

9 

2 

11 

8-59 

20*26 

35*04 

10 

3 

1 1 

9 87 

13-40 

41-90 

11 

5 

12 

10-97 

7-60 

47-70 

12 

6 

12 

11-27 

4-15 

51-15 


“ Columijfr iii. and v. respectively exhibit the spirit which has been produced, and 
the solid matter which has disappeared ; the first in the form of tbe gravity of the 
spirit, expressed by the number of degrees it is lighter than Water, or under .1000, 
and the second by the fall in gravity of tbe solution of tbe solid matter remaining 
below the original gravity 1055*3. This last value will be spoken of as ‘ degrees of 
gravity lost; ’ it is always obtained by subtracting the extract gravity (column iv.) 
from the known original gravity. To discover whether the progress of fermentation 
has the regularity ascribed to it, it was necessary to observe whether the same re- 
lation always holds between the columns of * degrees of spirit indication ’ and ‘ de- 
grees of gravity lost.* It was useful, with this view, to find what degrees lost 
corresponded to whole numbers of degrees of spirit indication. This can be done 
safely from the preceding table, by interpolation, where the numbers observed follow 
each other so closely. The corresponding degrees of spirit indication and of gravity ' 
lost, qf they appear in this experiment upon the fermentation of sugar, are as follows:— 


Table III. — Fermentation of Svgar~Wort of original gravity 1055*3. 


Degrees of Spirit 
Indication. 

Degrees of Extract 
Gravity lost. 

Degrees of Spirit 
lodication. 

Degrees of Fvtract 
Gravity lo,t 

1 

1-71 

7 

27 01 

2 

4-74 i 

8 

31*87 

3 

9-26 

9 

37*12 

4 

13*48 j 

10 

*42-55 

5 

18*30 ■ 

11 

47-88 

6 

22-54 
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“ In twe other fermentations of cane sugar, the degrees of gravity lost, found to 
correspond to the degrees of spirit indication, never differed from the numbers of the 
preceding experiment, or from one another, more than 0 9° of gravity lost. This is a 
sufficiently close approximation. 

“ The following table is of much importance : — 


Table IV. — SrARcn-StJCAB. 

Degrees of Spirit Indication, with corresponding degrees of gravity lost. 


Besides the degrees of gravity lost corresponding to whole degrees of spirit indication, the degrees of 
gravity lost corresponding to tenths of a degree of spirit indication are added from caiciilation. 


Degrees of 
Spirit 
Indication. 

*0 

•1 

•2 

•3 

•4 

-5 

-6 

-7 

-8 

•9 

0 



•2 

•3 

•5 

-7 

•9 

1-0 

1*2 

1*4 

1-6 

1 

1-9 

2-1 

2*4 

2-7 

3-0 

3-3 

3-6 

3-9 

4-2 

4*6 

2 

5 0 

5-4 

5-8 

6-2 

66 

7-0 

7 5 

8-0 

8-5 

9*0 

3 

9*5 

9*9 

10*3 

10*7 

11-2 

11*6 

12*0 

12*4 

12*8 

13*3 

4 

13-8 

14*2 

14-6 

15*0 

15*5 

15*9 

16*3 

16-7 

17-2 

17-7 

5 

18*3 

18-7 

19*1 

19*5 

19 9 

20-3 

20*8 

21*2 

21*7 

22 2 

6 

22-7 

231 

23*5 

23 9 

24-4 

24-7 

25*2 

25*6 

26*1 

26*6 

7 

27-1 

27-6 

28-1 

28 6 

29-1 

29-6 

30*0 

30*5 

31-0 

31*5 

8 

320 

32-5 

33*0 

33-5 

34*0 

34-5 

35’0 

35*5 

36 0 

36-6 

9 

37 2 

37*7 

38-2 

38-7 

39-2 

39*7 

40*3 

40*8 

41-3 

41-8 

10 

11 

42-4 

47-7 

42-9 

43-4 

440 

44-5 

45*0 

45*6 

46*1 

46-6 

47-2 


“ It is seen from this table that for 6° of spirit indication, the corresponding de- 
grees of gravity lost are 18'3°. For 5'9° of spirit indication, the corresponding de- 
grees of gravity lost are 22-2°. 

“ This table is capable of a valuable application, for the sake of which it was con- 
structed, By means of it, tte unknown original gravity of a fermented liquid or 
beer from cane sugar may be discovered, provided the spirit indication and extract 
gravity of the beer are observed. Opposite to the spirit indication of the beer in the 
table, we find the corresponding degrees of gravity lost, which last, added to the 
extract gravity of the beer, gives its original gravity. 

“Suppose the sugar beer exhibited an extract gravity of 7-9° (lOOr'9), and spirit 
indication of 11°. The latter marks, according to the table, 47 7° of gravity lost, 
which added to the observed extract gravity, 7-9°, gives 55-6° of original gravity for 
the beer (1053-6).” 

^Similar tables are constructed for starch sugar, and for various worts with and 
without hops. 

After explaining many points connected with the problem, as it presented itself 
under varied conditions as it respected the original worts, the Report proceeds : — 
Tfie object is still to obtain the spirit indication of the beer. The specific gravity 
of the beer is first observed by means of the hydrometer or weighing bottle. The 
extract gravity of the beer is next observed as in the former method ; but the beer 
for this purpose may be boiled in an open glass flask till the spirits are gone, as the 
new prwess does not require the spirits to be collected. The spiritless liquid remain- 
ing IS then made up to the original volume of the beer as before. By losing its spirits, 
the beer of course always increases in gravity, and the more so the richer in alcohol 
the beer has been. The difference between the two gravities is the new spirit indi- 
cation, and IS obtained by subtracting the beer gravity from the extract gravity, 
which last IS always the higher number. 

“ The data in a particular beer were as follows : — 

Extract gravity - - . . 1044-7 

Beer gravity, j 

Spirit indication - - . . . g.go 

'’e^.gaxc by distillation, or the former method, a spirit indication 
ot 9-9 . J he new spirit indication by evaporation is, therefore, less by 0 3° than 
the old I'.dication by distillation. The means were obtained of comparing the two 
indications given by the same fermented wort or beer in several hundred cases, by 
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adopting the practice of boiling the beer in a retort, instead of an open flask or 
basin, and collecting the alcohol at the same time. The evaporation uniformly indi- 
cated a quantity of spirits in the beer nearly the same as was obtained by distillation, 
but always sensibly less, as in the preceding instance. These experiments being 
made upon fermented liquids of known original gravity, the relation could always be 
observed between the new spirit indication and the degrees of specific gravity lost by 
the beer. Tables of the degrees of spirit indication, with their corresponding degrees 
of gravity lost, were thus constructed, exactly in the same manner as the tables which 
precede ; and Uiese new tabi^ may be applied in the same way to ascertain the 
original gravity of any specimen of beer. Having found the degrees of spirit indi- 
cation of the beer by evaporation, the corresponding degrees of gravity lost are taken 
from the table, and adding these degrees to the extract gravity of the beer, also ob- 
served, the driginal gravity is found. Thus the spirit indication (by the evaporation 
method) of the beer lately referred to, was 9*6°, which mark 43° of gravity lost in the 
new tables. Adding these to 1044*7, the extract gravity of the same beer, 1087*7 is 
obtained as the original gravity of the beer.” 

The results of the extensive series of experiments made, were, that the problem 
could be solved in the two extreme conditions in which they have only to deal with 
the pure sugars entirely converted into alcohol. 

“ The real difficulty is with the intermediate condition, which is also the most fre- 
quent one, where the solid matter of the beer is partly starch sugar and jiartly ex- 
tractive; for no accurate chemical means are known of separating these stfbstances, 
and so determining the quantity of each in the mixture. 

“ But a remedy presented itself. The fermentation of the beer was completed by 
the addition of yeast, and the constituents of the beer were thus reduced to alcohol 
and extractive only, from which the original gravity, as is seen, can be calculated. 

“ For this purpose a small but known measure of the beer, such as four fluid 
ounces, was carefully deprived of spirits by distillation, in a glass retort. To the 
fluid, when cooled, a charge of fresh yeast, amounting to 150 grains was added, and 
the mixture kept at 80° for a period of sixteen hours. Care was taken to connect 
the retort, from the commencement, with a tube condenser, so that the alcoholic 
vapour which exhaled from the wash during fermentation should not be lost. When 
the fermentation had entirely ceased, heat was applied to the retort to distil off the 
alcohol, which was collected in a cooled receiver. About three-fifths of the liquid 
were distilled over for this purpose ; and the volume of the distillate was then made 
up with water to the original volume of the beer. The specific gravity of the last 
spirituous liquid was now taken by the weighing bottle. To obtain a correction for 
the small quantity of alcohol unavoidably introduced by the yeast, a parallel expe- 
riment was made with that substance. The same weight of yeast was mixed with 
water, and distilled in another similar retort. The volume of this second distillate 
was alsoxnade up by water to the beer volume ; its specific gravity observed, and de- 
ducted from that of the preceding spirituous liquid. This alcohol was added to that 
obtained -in the first distillation of the beer, and the weight of starch sugar cor- 
responding to the whole amount of alcohol was calculated. This was the first result. 

“ For the solid matter of the beer : the spiritless liquid remaining in the retort was 
made up with water to the beer volume, and the specific gravity observed. A 
correction was also requifled here for the yeast, which is obtained by making up the 
water and yeast distilled in the second retort, to the original volume of the beer, and 
deducting the gravity of this fluid from the other. The quantity of starch sugar cor- 
responding to this corrected gravity of the extractive matter was now famished by 
the table. This was the second result. 

“ The two quantities of starch sugar thus obtained were added together. The 
specific gravity of the solution of the whole amount of starch sugar, as found in the 
table, represented the original gravity of the beer. 

“This method must give an original gravity slightly higher than the truth, owing 
to the circumstance that the dextrin, albumen, and salts, which are found among the 
solid matters dissolved in beer, are treated as having the low gravity of extractive 
matter, and accordingly amplified by about one-sixth, like that substance, in allowing 
for them ultimately as starch sugar. The error from this source, however, is incou- 
s derable. It is to be further obsen'ed, that the error from imperfect manipulation, 
of which there is most risk in the process, is leaving a little sugar in the extractive 
matter from incomplete fermentation. This accident also increases the original 
gravity deduced. The process has given resulte which are remarkal^ uniform, and 
is valuable in the scientific investigation of the subject, although not that ready and 
easy execution which is necessary for ordinary practice, and which recommends the 
former method.” 
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Table V. — To be used in ascertaining Original Gravities by the Distillation 

Process. 


Degrees of Spirit Indication with corresponding degrees of gravity lost in Malt Worts. 


Degrees of 
Spirit 
Indication. 

•0 

•1 

•2 

•3 

•4 

•5 

•6 

•7 

•8 

•9 

0 



•2 

■6 

•9 

1*2 

1*5 

1-8 

2*1 

2-4 

2*7 

1 

3-0 

3*3 

3-7 

4T 

4*4 

48 

5*1 

5-5 

5*9 

6-2 

2 

6 6 

7-0 

7-4 

7-8 

8*2 

8-6 

9*0 

9-4 

9*8 

10-2 

3 

10-7 

111 

11-5 

120 

12-4 

12-9 

13*3 

13*8 

14*2 

14-7 

4 

15*1 

15-5 

160 

' 16*4 

16.8 

17-3 

17-7 

18*2 

18*6 

19*1 

5 

19-5 

19-9 

20-4 

20 9 

21-3 

21-8 

2*2-2 

22-7 

23*1 

23*6 

6 

24 1 

24-6 

25-0 

25*5 

26*0 

26*4 

269 

27-4 

27-8 

28 3 

7 

28-8 

29-2 

29-7 

30-2 

30-7 

31*2 

31-7 

32*2 

32*7 

33*2 

8 

33-7 

34-3 

34-8 

35 4 

35*9 

36*5 

37*0 

37-5 

38-0 

38-6 

9 

39 1 

39-7 

40 2 

40-7 

41*2 

41-7 

42*2 

42-7 

43-2 

4.3 7 

10 

44*2 

44-7 

45-1 

4:)-6 

460 

46*5 

47*0 

47 5 

48-0 

48 5 

11 

49-0 

49-G 

50 1 

50-6 

51*2 

51-7 

52*2 

52*7 

53-3 

53 S 

12 

.M-a 

54-9 

55-4 

55-9 

56-4 

56*9 

57-4 

57*9 

58 4 

58 9 

13 

59 4 

GO 0 

COj 

611 

G 1 G 

G2-2 

G2*7 

63*3 

63-8 

64-.! 

14 

15 

C4-8 

70'5 

05-4 

65-9 

6Cj 

C71 

G7-G 

68*2 

68-7 

G9-3 

69-9 


Table VI. — To be used in ascertaining Original Gravities by the Evaporation 

Proeess 


Degrees of Spirit Indication with corresponding degrees of gravity lost in Malt IPi/; ts. 


Degrees of 
Spine 
Indication. 

•0 

•1 

•2 

•3 

•4 

•5 

■6 

•7 

•8 

•9 

0 


•3 

•7 

1*0 

1*4 

1-7 

2*1 

2-4 

2-8 

3*1 

1 

3-5 

3-8 

4-2 

46 

5-0 

5-4 

5-8 

6*2 

6-6 

7-0 

2 

7-4 

7-8 

8-2 

8-7 

9-1 

9-5 

9-9 

10*3 

10-7 

11-1 

3 

11-5 

11*9 

12-4 

12*8 

13-2 

13*6 

140 

14*4 

14-8 

1.5-3 

4 

15*8 

16*2 

ie-6 

17-0 

17-4 

17-9 

18*4 

18-8 

19-3 

19-8 

5 

20-3 

20*7 

21*2 

21*6 

22*1 

22*5 

23-0 

23*4 

239 

24*3 

6 

24*8 

25*2 

25*6 

26*1 

26*6 

270 

27-5 

280 

28-5 

29 0 

7 

29 5 

30-0 

30*4 

30*9 

31*3 

31-8 

32*3 

32*8 

33-3 

33*8 

8 

34*3 

34*9 

35*5 

3G0 

36*6 

37-1 

37-7 

38-.3 

3S-8 

39*4 

9 

40*0 

40*5 

41-0 

41*5 

42*0 

42*5 

430 

43*5 

44*0 

44*4 

10 

44*9 

45-4 

46*0 

46*5 

471 

47-6 

48*2 

48*7 

49*3 

49-8 

11 

50-3 

50*9 

51-4 

51*9 

52*5 

530 

5*-5 

54-0 

54*5 

550 

12 

55-6 

56-2 

56-7 

57-3 

57-8 

58-3 

58-9 

59-4 

59*9 

60*5 

13 

61*0 

61-6 

62*1 

62*7 

63*2 

63*8 

64*3 

64*9 

65*4 

66*0 

14 

15 

66-5 

72*0 

67-0 

67-6 

63-1 

637 

69-2 

69-8 

70-4 

70-9 

71-4 


FERRIC ACID, (FeO®.) This new compound having been prescribed as a 
source of supplying oxygen to persons confined in diving-bells and in mines, by 
M. Payerne, claims notice in a practical work. M. Fremy is the discoverer of this 
acid, which he obtains in the state of ferrate of potash, by projecting 10 parts of dry 
nitre in powder upon 5 parts of iron filings, ignited in a crucible ; when a reddish 
mass, containing much ferrate of potash, is formed. The preparation succeeds best 
when a large crucible, capable of holding about a pint of water, is heated so strongly 
that the bottom and a couple of inches above it, appear faintly, but distinctly red, in 
which state the heat is still adequate to effect due deflagration without decomposition. 
An intimate mixture of about 200 grains of dried nitre with about one-half its weight 
of the finest ir<~i filings, is to be thrown at once upon the side of the crucible. The 
mixture will soon swell and deflagrate. The crucible being taken from the fire, and 
the ignited mass being cooled, is to be taken out with an iron spoon, pounded, and 
immediately put into a bottle, and excluded from the air, from which it would speedily 




FERROCYANIDES. 


197 


attract moisture, and be decomposed. It is resolved by tbe action of water, espe- 
cially with heat, into oxygen gas, peroxide, and nitrate of iron. This acid has not 
been obtained in a free state ; it appears indeed to be scarcely capable of existing alone, 
decomposing, as soon as liberated, into oxygen and ferric oxide. — Graham. 

Mr. J. D. Smith prepares the ferrate p£ potash by exposing to a full red heat a mix- 
ture of finely powdered peroxide of iron with four times its weight of dry nitre. It 
has an amethyst hue, but so deep as to appear black, except at the edges. Oxygen is 
rapidly evolved by the action of the sulphuric or nitric acid upon its solution. He 
considers the atom of iron to exist in this compound associated with 3 atoms of 
oxygen, or double the proportion of that in the red oxide. Hence 52 grains of pure 
ferric acid should give off 12 grains of oxygen, equal to about 35 cubic inches; hut 
how much of the ferrate of potash may be requisite to produce a like quantity of oxygen 
cannot be stated, from the uncertainty of the operation by which it is produced. 

FERKOCYANJDES. The compounds of the radical ferrocyanogen. The latter 
radical is bibasic, when, therefore, it combines with hydrogen to form ferrocyanic 
acid, it takes up two atoms. These two atoms of hydrogen can be replaced by 
metals as in ferrocyanide of potassium or prussiate of potash, as it is commonly called. 
See Prussiate of Potash. Ferrocyanogen consists of C®N®Fe, which may also be 
written Cy*Fe, or, for brevity’s sake, Cfy. 

The modes of preparing the ferrocyanides differ, according as the resulting sub- 
stance is soluble or insoluble in water. The soluble salts, such as those with alkalies, 
are prepared either by neutralising hydroferrocyanic acid with the proper metallic 
oxide, or by boiling prussian blue with the oxide, the metal of which it is intended to 
combine with the ferrocyangen. Other methods may also be adopted in special cases. 
The processes for preparing the ferrocyanides of the alkali metals on the large scale 
will be described in the article Prussiate of Potash. 

"When the ferrocyanide is insoluble in water, it may be prepared by precipitating 
a salt of the metal with ferrocyanide of potassium. Thus, in the preparation of the 
reddish or purple ferrocyanide of copper, 

2(CuO,SO') + K^Cfy =Cu-Cfy + 2(E:0,S0'). 

The above equation written in full becomes : — 

2CCu0,S03) + K-C«N^Fe= Cu^eN^Fe + 2(KO,SO'). 

Ferrocyanide of potassium is much used as a test for various metals, in consequence 
of the characteristic colours of the precipitates formed with many of them. The prin- 
cipal ferrocyanides with their colours and modes of preparation will be found in the 
following list : — 

Ferrocyanide of aluminium, — An instable compound formed by digesting hydrate of 
alumina with ferroprussic acid, 

Ferrocyanides of antimony and arsenic. — Neither of these salts are known in a state 
of purity. 

Ferrocyanide of barium. — This salt may be prepared by boiling prussian blue in 
slight excess with baryta water and evaporating to crystallisation. 

Fen ocyanide of bismuth. — When a solution of ferrocyanide of potassium is added 
to a solution of a salt of bismuth, a yellow precipitate is obtained. It becomes of a 
greenish tint on keeping for some time. 

Ferrocyanide of cadmium may be attained as a white precipitate on adding a solution 
of ferrocyanide of potassium to a soluble salt of cadmium. 

Ferrocyanide of calcium may be prepared in the same manner as that of barium, 
but, owing to the sparing solubility ofhme in water, we must substitute cream of 
lime for baryta water. 

Ferrocyanide of cerium is a white salt only slightly soluble in water. Its properties 
are very imperfectly known. 

Ferrocyanide of chromium. — The pjotochloride of chromium gives a yellow pre- 
cipitate with ferrocyanide of potassium. 

Ferrocyanide of cobalt. — Salts of cobalt give a pale blue precipitate with ferrocyanide 
of potassium. It appears to decompose on keeping, as its colour becomes altered. 

Ferrocyanide of copper. — When ferrocyanide of potassium is added to a solution of 
subchloride of copper, a white precipitate appears, which, on exposure, becomes con- 
verted into a purplish red substance, apparently identical with the ordinary ferro- 
cyanide of copper which falls down on the admixture of salts of the protoxide of 
copper with solutions of ferrocyanide of potassium. 

Ferrocyanide of ghicinum may be obtained, according to Berzelius, jj^der the form 
of an amorphous varnish, by decomposing ferrocyanide of lead with a solution of sub- 
snlphate of glucina. 

Ferrocyanide of hydrogen constitutes ferroprussic acid. 

Ferrocyanide of iron, or prussian blue. — This Kilt exists in several conditions, ac- 

o3 
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cording to the mode of preparation. The ordinary salt is formed by adding a solution 
of ferroeyanide of potassium to a solution of a persalt of iron. The following equa- 
tion explains the reaction that ensues with the sesquiehloride : — 

2(Fe*Cr) + 3(CfyK2=3(CfyFe*) + 6KC1. 

Ferroeyanide of lead is procured as a white precipitate by adding a solution of 
ferroeyanide of potassium to a salt of lead. 

Ferroeyanide of magnesium is probably best prepared by neutralising ferroprussic 
acid with magnesia or its carbonate. It forms a pale yellow salt. 

Ferroeyanide of manganese may be obtained as a white precipitate, on adding forro- 
cyanide of potassium to a solution of pure protochloride or protosulphate of man- 
ganese. 

Ferroeyanide of mercury. — This compound cannot be obtained in a state of purity 
by precipitation. It has not been sufficiently examined. 

Ferrocyanides of molybdenum. — Molyhdous salts give, with ferroeyanide of po- 
tassium, a dark brown precipitate soluble in excess of the precipitant. If a salt of 
molybdic oxide be treated in the same manner, a precipitate is obtained, having a 
similar appearance, but insoluble in excess. Molybdates in solution give precipitates 
lighter in colour than the last. 

Ferroeyanide of nickel is obtained under the form of a pale apple green precipitate, 
on addition of prussiate of potash to a salt of nickel. 

Ferroeyanide of silver, — Ferroeyanide of potassium gives a white precipitate with 
silver salts. 

Ferroeyanide of sodium may be formed by the action of caustic soda on prussian blue. 

Ferroeyanide of strontium can he procured precisely in the same manner as the cor- 
responding barium salt substituting solution of caustic strontia (obtained from the 
nitrate by ignition) for baryta water. 

Ferroeyanide of tantalum has probably never been obtained pure. Wollaston found 
that tantalic acid (dissolved in binoxolate of potash) gave a yellow precipitate with 
prussiate of potash. 

Ferroeyanide of thorium. — A white precipitate is produced by the action of solution 
of prussiate of potash on salts of thorium. 

Ferroeyanide of tin. — Pure salts of tin, whether of the per- or prot-oxide, give 
white preeipitates with ferroeyanide of potassium. 

Ferrocyanides of titanium. — Solutions of titanates give a golden brown precipitate 
when treated with solution of ferroeyanide of potassium, 

Ferrocyanides of uranium. — The protochloride gives a pale, and the perchloride 
a dark reddish brown precipitate with ferroeyanide of potassium. 

Ferroeyanide of vanadium. — Salts of vanadic oxide give pale yellow, and of vanadic 
acid, rich green precipitates with prussiate of potash. 

Ferroeyanide of yttrium. — Chloyide of yttrium gives a white precipitate with ferro- 
cyanide of potassium. 

Ferroeyanide of zinc cannot be prepared by precipitation. It may be obtained in 
the form of a white powder by the action of oxide or carbonate of zinc on ferro- 
prussic acid C.G. W. For Ferro-Cvanogen, see Ure’s Dictionary of Cheinistiy. 

FIBRES, or FIBROUS BODIES. From time to time numerous grasses, fibrous 
barks, and other substances of a similar character, have been introdueed into com- 
merce; a few of these only have been found available for manufacture. It is, however, 
deemed of interest to describe briefly some of these. Some of the more important 
vegetable fibres will be fully noUced under their respective heads. (See Coir, Flax, 
Hemp, &c.) 

China Grass. — This fibre is obtained from Vrtica nivea, which grows abundantly 
in China, and in various parts of our Indian empire. The samples which have been 
imported are principally obtained from Canton and Hong- Kong. In 1849, Messrs. 
Wright and Co. obtained a patent for the preparation of this fibre. Their process 
consisted essentially of boiling the stems in an alkaline solutiou, after they had been 
previously steeped for 24 hours in cold water, and for 24 hours in water at 90° Fahr. 
The fibre is then thoroughly washed with pure water, and finally subjected to the 
action of a current of high pressure steam till nearly dry. 

Callooee Hemp or Rhea. — This fibre is usually confounded with China grass ; but, 
there is little doubt they are obtained from two different kinds of urtica. The China 
grass from the Urtica nivea of Willdenhow ; the Callooee Hemp, Kalmoi, or Rami, of 
Sumatra ; and-,the Rhea from the Vrtica tenacissima of Roxburgh. The plant pro- 
ducing the Callooee hemp, was introduced from Bencoolen to Calcutta in 1803, where, 
under the care of Dr. Roxburgh, it was for many years cultivated in the Botanic 
Gardens. In 1811, a quantity of the Callooee hemp was imported into England, and 
properly tested ; its practical value was thought so highly of, that the Society of Arts 
awarded a silver medal to Capt. James Cotton, of the East India Company, who in- 
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troduced it “ The chief ol»tacle which interfered, however, with its use, was the 
difficulty which was found to exist in the preparation of the fibre from the stems of 
the plants ; none of the processes usually adopted with flax or hemp were found to 
he at all suitable to them ; and the rude, wasteful, and imperfect means employed by 
the natives in preparing the fibre for the manufacture of twine, thread, and fishing 
nets, by the mere process of scraping, were wholly inapplicable on a large scale, 
and gave besides only a very inferior result. When macerated or retted in water, it 
was found that the fibre itself was more ej^ily destroyed than the glntinons matter of 
the stem. Daring the last forty years, various attempts have been made to devise a 
good and cheap process for preparing this fibre, but hitherto without much success ; 
and consequently, till quite recently, the cost of the fibre was such as to preclude its 
being brought into the market as a substitute for flax. But recent investigations have 
shown that the Urtica tenacissima and the heterophylla may he obtained in almost un- 
limited quantities in various parts of India ; and a process which has been lately 
patented appears, to a very great extent, to have removed the practical difficulties 
which previously stood in the way of its employment by manufacturers; so that in a 
few years it is probable that the Callooee hemp will constitnte an important addition to 
the fibrous materials employed in the arts.” — Juror*s BeporU Great Exhibition, 1851. 

Neilgliei ry Nettle ( Urtica heterophylla'). — This nettle appears to be remarkable beyond 
all others for its stinging properties. It is abundant in Mysore, flourishing in Alpine 
jungles. The Todawars prepare the fibre of this plant by boiling the stems in water, 
after which they readily separate, it from the woody parts and th^ spin it into a 
coarse hut very strong fibre. The Malays simply steep the stems in water for ten or 
twelve days, after which they are so much softened tl^t the enter fibrous portion is 
easily peeled off. 

Yercum Nar. — This is the native name of the fibres of the Caloiropis (Asclepias) 
yigantea, a plant which grows wild, abundantly, in various parts of the Bengal and 
Madras presidencies, and is used by the natives in the manufacture of cord called 
“ Lumb-dore,'' or Tondee Coir*’ 

Aloe fibre, or Nar, the produce of the Agave vivipara, and other allied species. 
This is often called the “ Sdk grass fibre,” 

Pine-apple fibre, sometimes called “ Ananas flax” This has been prepared in Java, 
and at Travancore. Many fine specimens have been brought to this country. 

Plantain fibre, — In the Government establishments of Ceylon this is extensively 
employed. Canvass and ropes are made of it It is obtained from the Musa textilis. 
It is calculated that 8 cwt. per acre of this excellent fibre might be obtained. 

Mahant bark. ^ Employed at St. Vincent’s in the maniffactore of fishing nets, 
common cord, and coarse lines for fishing. 

New Orleans moss {Tillandsia usneoides), a substitute for horsehair as a staffing 
material for upholsterers. Sometimes the fibrous husk of the Indian com is used 
for the same purpose, but it is more brittle than thj^VDOSs. 

Palm-tree fibre. These fibres are obtained from many varieties of the palm. 

Grass fibre. Many of the grasses are now being used in the manufacture of paper, 
and for other purposes. 

The following tables by Dr, Roxburgh and Dr. Wright, afford much information 
as to the relative strengths of different kinds of fibrous substances. The first table 
gives experiments made by Dr. Roxburgh in 1804; some of the fibres were, however, 
probably imperfectly prepared. 


Common Name. 

Botanical Name. 

Breaking Weight. 






1. Hemp (English) 

- 

Cannabis sativa 

. 


Murga (SauseTiera) 

- 

Alectris nervosa 

. 


3. Aloe - - . 

- 

Agave Amerieona ? - 

- 

110 

4. Ejoo ... 

- 

Sagnertts Bumphii - 

. 

96 

5. Bonsha . - - 

- 

JEsekynomone cannahina > 

- 

88 

6. Coir ... 

- 

Cocos nueijera 

. 

87 

7. Hemp (Indian) 

. 

Cannabis sativa 

. 

74 

8. Woollet comal 

- 

Abroma Augttsia 

. 

74 

9. ? ... 

. 

Eanhinia ... 

. 

69 

10. Sunn ... 

. 

Crotolaria juncea - 

- 

68 

11. Bunghi paat - 

. 

Corckonis olitorius - 

. . 

t 68 

12. Ghunalapaat- 


„ capsularis 

- 

67 

13. ? - 

- 

Hibiscus mainhot 

. 

61 

14. Flax (Indian) . 

- 

Linum usitatissimxm 

- 

89 


o4 
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In 1808, Dr. Roxbargli made another series of experiments, of which the following 
table gives the result : — 


Common Name. 

Botanical Name. 

• 

Breaking Weight. 

1. Bowstring hemp 

Asclepias Sp. - - - - 

lbs. 

248 

2. Callooee hemp 

Urtica tenacissima - - - 

241) 

3. ?- 

Corchorus capsularis 

164 

4. Sunn - - ~ • 

Crotolaria juncea - - - 

160 

5. Hemp (Indian) 

Cannabis sativa - - - 

15S 

6. Doncha - - - - 

A^schynomone cannahina > 

138 

7. ?. 

Hibiscus sirictus - - - 

123 

8. Musta paat - - - 

,, cannabinus 

115 

9. Bunghi paat - - - 

Corchorus olitorius - - - 

113 

10. Plantain- - - - 

Musa - . • - - 

79 


Experiments were made not long since by Dr. Wright on several well known vege- 
table fibres when made into ropes. The following were the results ; — 


Common Name. 

Botanical Name. 

Breaking \Vf 

1. Yercum nar - . - 

Caloiropis gigantea - - - 

Ibg. 

552 

2. Janapum ... 

Crotolatia juncea - - - 

407 

3. Cutthalay nar - - - 

Agave Americana - - - 

3G2 

4. Cotton . - 

Gossyptum herbaccum 

34 C 

5. Maroot - - - - 

Sanseviera zeylanica 

316 

6. Pooley mungu 

Hibiscus cannabinus 

290 

7. Coir .... 

Cocos nucifera ... 

224 


The defect of all these fibres is, as it regards their use in weaving, that they break 
at the knot, and in all weaving processes the fibres require frequent joining. 

Of vegetable substances of the nature and quality of undressed hemp we imported 
in 1857, from 


Spain - . - 



Cwt. 

Computed real value. 

- 

- 

7,2.50 

- £ 8,997 

Mexico - - - 

- 

- 

12,301 

14,753 

British East ladies - 

- 

- 

5,498 

6,899 

Other parts 



2,309 

27,358 

2,918 

£33,567 


The peculiarities of these fibres are not specified, but as they are not hemp, flax, 
tow, or jute, we may fairly infer that many of the fibres named above are included 
in these importations. 

FIBRE, VEGETABLE, called also Lignikte (Ziynewx, Fr. ; PJlanzen faserstoff^ 
Germ.) ; is the most abundant and general ingredient of plants, existing in all their 
parts, thg root, the leaves, the stem, the flowers, and the fruit ; amounting in the com- 
pact wood to 97 or 98 per cent. It is obtained in a pure state by treating saw -dust 
successively with hot alcohol, water, dilute muriatic acid, and weak potash lye, which, 
dissolve, first, the resinous ; second, the extractive and saline matters ; third, the car- 
bonate and phosphate of lime ; and, lastly, any residuary substances. Ligneous 
fibres, such as saw-dust, powdered barks, straw, hemp, flax, linen, and cotton cloth, are 
convertible by the action of strong sulphuric acid into a gummy substance analogous 
to dextrine, and a sugar resembling that of the grape. 

Much attention has, of late years, been directed to the conversion of vegetable fibre 
into paper. See Paper. 

FIBRINE (Eng. and Fr. ; Thierischer Faserstoff, Germ.) constitutes the principal 
part of animal muscle ; it exists in the chyle, the blood, and may be regarded as the 
most abundant constituent of animal bodies. It may be obtained in a pure state by 
agitating or beatng new drawn blood with a bundle of twigs, when it will attach itself 
to them in long reddish filaments, which may be deprived of colour by working them 
with the hands under a streamlet of cold water, and afterwards freed from any ad- 
hering grease by digestion in alcohol or ether. 

Fibrine, thus obtained, is solid, white, flexible, slightly elastic, insipid, inodorous, 
denser than water, but containing 4 fifths of its weight of it, and without action on 
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litmus. Wheii dried, it T^-eS 

™ ro2 MroS- a'd 19 li azote. As the basis of flesh iUs a very nutritious 
subsmnce. andL esfential to the sustenance of carnivorous animals. 

' ra “mr,\a«l 1.10 f. ...iofe t,„ .1.0 fora ot .W' J™S 

termed smgle cut But u lien tnese teem are g , trass and copper, and 

teeth, thev are said to be double cut. Ihe first are 

are found to answer better when the teeth run in an , , gugh teeth 

fineness. Those of extreme roughness are °e h^^ 

^th:-art^lsod.tin^^.^fromtl^^ap.^ 

Shota«t!nt^^^^^ jL\rfrSed; 

half round '“f- °c“| for different purposes, but seldom 

cross section is a "f a oro'e va^ being 

iHSssiSpMS 

. 1 .. -. 1 . -' “• •“* *" “•• 

'“smTfi^ are mostly made of cast steel, wliieh would be the best for all others if 
■t wprp Tint for its higher price. It is much harder than the blistered steel, and from 
1 ■ cT tippn in the fluid state is entirely free from those seams and loose pa^ socom- 

trfo Sred";!r wS:l^rn; sounir than as it comes from the iron forge before 

'“jhTsmith-s rubbers are generally forged in the they 

the converted bars, which are, for convenience, made town 

come into this country. The files of lesser size are namrof tfited 

down from the blistered bars, and the east ingots, and known by the name ot tiltea 

The file-maker’s forge consists of large bellows, *f/“^be?nvu"fof 

also contains a deep groove for containing dies or bosses, for giving^articular fo 
“ The^lirt'and square files are formed entirely by the hammer. One man holds the 
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large files. They both strike with such truth as to make the surface smooth and 
flat, without what is called hand-hammering. This arises from their great experience 
iu the same kind of work. The expedition arising from the same cause is not less 
remarkable. 

The half-round files are made in a boss fastened into the groove above mentioned. 
The steel being drawn out, is laid upon the rounded recess, and hammered till it fills 
the die. 

The three-sided files are formed similarly in a boss, the recess of which consists of 
two sides, with the angle downwards. The steel is first drawn out square, and then 
placed in a boss with an angle downwards, so that the hammer forms one side, and 
the boss two. The round files are formed by a swage similar to those used by 
common smiths, but a little conical. 

The file cutter requires an anvil of a size greater or less, proportioned to the size of 
his files, with a face as even and flat as possible. The hammers weigh from one to 
five or six pounds. The chisels are a little broader than the file, sharpened to an 
angle of about 20 degrees. The length is just sufficient for them to be held fast be- 
tween the finger and thumb, and so strong as not to bend with the strokes of the 
hammer, the intensity of which may be best conceived by the depth of the impression. 
The anvil is placed in the face of a strong wooden post, to which a wooden seat is at- 
tached, at a small distance below the level of the anvil’s face. The file is first laid 
upon the hare anvil, one end projecting over the front, and the other over the hack 
edge of the same. A leather strap now goes over each end of the file, and passes 
down upon each side of the block to the workman’s feet, which, being put into the strap 
on each side, like a stirrup, holds the file firmly upon the anvil as it is cut. While the 
point of the file is cutting, the strap passes over one part of the file only, the point 
resting upon the anvil, and the tang upon a prop on the other side of the strap. When 
one side of the file is single cut, a fine file is run slightly over the teeth, to take away 
the roughness ; when they are to be double cut, another set of teeth is cut, crossing 
the former nearly at right angles. The file is now finished upon one side, and it is 
evident that the cut side cannot be laid upon the bare anvil to cut the other. A flat 
piece of an alloy of lead and tin is interposed between the toothed surface and the 
anvil, while the other side is cut, which completely preserves the side already formed. 
Similar pieces of lead and tin, with angular and rounded grooves, are used for cutting 
triangular aud half-round files. 

Rasps are cut precisely in the same way, by using a triangular punch instead of a 
flat chisel. The great art in cutting a rasp is to place every new tooth as much as 
possible opposite to a vacancy. 

File cutting machines have been from time to time invented. In 1778 M. de 
Montigny read a memoir before the Committee of Commerce, in which he mentioned 
the inventions for file-cutting in 1699 by Duverger, in 1 72,5 by Fardouet, in 1740 
by Thiout, in 1756 by Brachat and Gamain, and in 1778; since which, in 1800, Raoul 
invented a file-cutting machine ; aud in 1836 Ericsson introduced another. Sir John 
Robison, just before his death, invented a method for cutting curved files ; and in 
1843, Messrs. Johnson, Cammell, and Co. received the medal of the Scottish Society 
of Arts for perfecting Sir J. Robison’s scheme. The accompanying wood cuts, 
which are representations of the file-cutting machine of Mr. W. Shilton of Birmingham, 

will show the general principle 
upon which those machines are con- 
stmeted. 

In order to render this invention 
better understood, two views of the 
apparatus for producing the cross- 
cut or teeth of the files, are given. 

Fig. 749 is an elevation of 4 he 
upper part of the file-cutting ma- 
chine, as seen on one side ; Jig. 750 
is a plan or horizontal view, as the 
machine appears on the top. 

a, is the head of the tilt hammer 
placed in the end of the lever 5, 
which is mounted on an axle c, 
turning in proper bearings in the 
frame work of the machine ; d, is the 
tilt wheel mounted on another axle 
, 1 ^ t . *’ turning in bearings on the 

frame work of the machine, and having any required number of projections or tap- 
pets upon It for depressing the tail or shorter end of the hammer or tilt lever 6. 



FILE. 


203 


The tilt -wheel d, receives its rotatory motion from the toothed wheeiy, mounted 
upon the same axle, and it takes into gear with a pinion y, upon the main shaft A, 
which is actuated by a hand passed 
from any first mover to the rigger 
oa its end, or in any other conve- 
nient manner. The bed upon which 
the blank piece of steel bears is 
marked i. This bed is firmly sap- 
ported upon masonry* placed npoa 
proper sleepers : j, is one of the 
blank pieces of steel nnder opera- 
tion, and is shown secured in the pair 
of jaws or holding clamps k, mounted 
on centre pins in the slide 750, 
which slide is held down by a spring 
and slide beneath, and is moved 
backwards and forwards in the ma- 
chine upon the (v) edges m m, of 
the frame, by means of the rack n 
and its pinion ; the latter being 
mounted upon the axle of the ratchet 
wheel p, and which ratchet wheel 
is made to turn at intervals by means of the pall upon the end of the lever r, 
fig. 750. This lever is depressed, after every cut has been effected upon the blank by 
means of the teeth or tappets of the wheel s, coining in contact with the inclined plane 
t, upon the lever r- The tappet wheel 5 , is mounted upon the end of the axle e, of 
the tilt wheel, and consequently revolves with it, and by depressing the lever r, every 
time that a tooth passes the inclined plane i, the click 9 , is made to drive the ratchet 
-wheel p, and thereby the advancing movement of the blank is effected after each 
blow of the tilt hammer. 

There is a strong spring «, attached to the upper side of the tilt hammer, its end 
being confined under an adjustable inclined plane c, mounted in the frame u;, which 
inclined plane can be raised or lowered by its adjusting screws as required, to pro- 
duce more or less tension of the spring. 

A similar spring is placed on the under side of the tilt hammer, to raise and sustain 
the cutter or tool clear of the bed after every blow, and in conjunction with safety 
holders or catchers, to counteract any vibration or tendency the spring 11 , may have 
to cause the hammer to reiterate the blow. 

The end of the lower spring acts on an inclined plane, mounted in the frame «?, 
which has an adjusting screw similar to a, to regulate the tension of the spring. 

In case the under spring should raise, that is, return the hammer, with sufficient 
force or velocity to cause the top spring a, to reiterate the blow, the ends of the safety- 
holders or catchers are made to move under and catch the tail of the lever 6 , immedi- 
ately on its being raised by the under springs, which is effected by the following 
means: — The holders are mounted upon a plate or carriage 1, fg 749, which turns 
upon a small pin or axle mounted in the ears of a cross bar ; the upper ends of the 
holders are kept inclined towards the tail of the tilt hammer by means of a spring 
fixed to the cross bar, and which acts upon one end of the plate or carriage. 

In order that the holders may be removed out of the way of the tail of the hammer 
6 , when the tilt wheel is about to effect a blow, the tooth of the tilt wheel which 
last acted upon the hammer comes in contact with an inclined plane fixed on 
the plate or carriage 1 , and by depressing that end of the plate, causes the upper 
ends of the holders to be withdrawn from under the tail of the hammer b. The 
tilJ wheel continuing to revolve, the next tooth advances, and depresses ffie toil of the 
hammer, but before it leaves the tail of the hammer, the tooth last in operation will 
have quitted the inclined plane and allowed the spring to retom the holders into their 
former position. After the tooth has escaped from the tail of 6 , the hammer will im- 
mediately descend and effect»the blow or cut on the blank, and as the tail of the 
hammer rises, it will come in contact with the inclined planes at the upper ends of the 
holders, and force them backwards; and as soon as the tail of the hammer has passed 
the top of the holders, the spring will immediately force the holders forward under 
the tail of the hammer, and prevent the hammer rising again until the next tooth 
of the tilt wheel is about to depress the end of the hammer, when the same move- 
ments of the parts will be repeated, and the machine will continue %. operation until 
a sufficient length of the blank of steel (progressively advanced under the hammer) 
has been operated upon, when it will be thrown out of gear by the following means; — 

Upon the sliding bar 6 , there is placed on adjustible stop, against which the fore- 


750 
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most end of the slide 1 1, Jig. 750, CiMucs in contact as it is moved forward by the rack 
n, and its pinion. The sliding bar 6, is connected at its left end to the bent lever 8, 
the other end of this lever being formed into a forked arm, which embraces a clutch 
upon the main shaft, and as the slide I continues to adv ance, it will come in contact 
with a stop ; and when it has brought a sulBcient length of the blank pieces of steel 
under the operation of the cutting tool, the slide /, in its progress, will have moved 
that stop and the bar 6 forward, and that bar, by means of the bent lever 8, will with- 
draw the clutch on the main shaft, from locking into the boss of the fly-wheel, and 
consequently stop the further progress of the machine ; the rigger and fly-wheel 
turning loosely upon the main sha& 

The cut file can now be removed from out of the clamps, and reversed to cut the 
other side, or another blank piece put in its place ; and after throwing back the pall 
g of the ratchet wheel p, the slide /, and with it the fresh blank, may be moved back 
into the machine by turning the winch handle, on the axle of the ratchet wheel p, the 
reverse way, which will turn the pinion backwards, and draw back the rack n, without 
affecting any other parts of the machine ; and on moving back, the bar 6, by the 
handle 11, placed on the stop, the clutches will be thrown into gear again, and the 
machine proceed to cut the next blank. 

When the blanks have been thus cut on one side,’ and are reversed in the machine 
to form the teeth upon the other side, there should be a piece of lead placed between the 
blank and the bed to protect the fresh cut teeth. 

It will be seen that the position of the stop upon the bar 6, will determine the 
length or extent of the blank piece of steel which shall be cut or operated upon ; and 
in order that the progressive movement of the blanks under the cutting tool may be 
made to suit different degrees of fineness or coarseness of the teeth (that is the dis- 
tance between the cuts), there is an adjusting screw upon the lever r, the head of 
which screw stops against the under side of an ear projecting from the frame-work, 
and thereby determines the extent of the motion of the lever r, when depressed by 
the tappets of the wheel s, acting upon the inclined plane t, consequently determining 
the number of teeth the ratchet wheel p shall be moved round by the pall q ; and 
henee the extent of motion communicated by the rack and pinion to the slide /, and 
the blank y, which regulates the distance that the teeth of the file are apart, and the 
lever r is forced upwards by a spring pressing against its under side. 

It will be pereeived that the velocity of the descent of the hammer, and conse- 
quently the force of the blow, may be regulated by raising or lowering the inclined 
plane v of the spring; u ; and in order to accommodate the bed upon which the blanks 
rest to the different inclinations they may be placed at, the part of the bed is formed 
of a semi-globular piece of hardened steel, which fits loosely into a similar concavity 
in the bed r, and is therefore capable of adjusting itself, so that the blanks shall be 
properly presented to the cutting tool, and receive the blow or cut in an equal and 
even manner ; or the piece of steel may be of a conical shape, and fit loosely in a 
similar shaped concavity. 

There are guides 16, placed on the top of the bed i, for the purpose of keeping the 
blanks in their proper position towards the cutting tool, and these can be regulated 
to suit blanks of any width, by turning the right and left handed screw 17. There is 
also another adjustible stop on the jaws or clamps k which serves as a guide when 
placing the blanks within the jaws : and 19 is a handle or lever for raising the clamps 
when required, which has a weight suspended from it for the purpose of keeping down 
the blanks with sufficient pressure upon the bed. 

. cutting tool in the face of the hammer, can be placed at any required angle or 
inclination with Ae blank, it being secured in the head of the hammer by elamps and 
screws. In cutting fine files a screw is employed in preference to the rack and 
pinion, for advancing the slide I, and the blank piece of steel in the machine. 

Hardening the Jiks. — This is the last and most important part of file making. 
Whatever may be the quality of the steel, or however excellent the workmanship, if 
It is not well hardened all the labour is lost 

Three things are strictly to be observed in hardening ; first, to prepare the file on 
the surface, so as to prevent it from being oxidated by the atmosphere when the 
file IS red hot, which effect would not only take off the sharpness of the tooth, bnt 
render the whole surface so rough that the file would, in a little time, become 
clogged with the substance it had to work. Secondly, the heat ought to be very 
uniformly red throughout, and the water in which it is quenched, fresh and cold, 
for the purpose of giving it the proper degree of hardness. Lastly, the manner of 
immersion is of grrat impoitance, to prevent the files from warping, which in long 
thin files IS very difficult. ° 

The first object is accomplished by laying a substance npon the file, which when 
It fuses, forms as it were, a v.tmish upon the surface, defending the metal from the 
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action of the oxygen of the air. Formerly the process consisted in first coating the 
surface of the file with ale grounds, and then covering it over with pulverised common 
salt (muriate of soda). After this coating became dry, the files were heated red hot, 
and hardened ; after this, the surface was lightly brushed over with the dust of cokes, 
when it appear white and metallic, as if it had not been heated. This process has 
lately been improved, at least so far as relates to the economy of the salt, which from 
the quantity used, and the increased thickness, had become a serious object. Those 
who used the improved method are now consuming about one fourth the quantity of 
salt used in the old method. The process consists in dissolving the salt in water 
to saturation, which is about three pounds to the gallon, and stiffening it with ale 
grounds, or with the cheapest kind of flour, such as that of beans, to about the con- 
sistence of thick cream. The files required to be dipped only into this substance, and 
immediately heated and hardened. The grounds or the flour are of no other use, 
than to give the mass consistence, and by that means to allow a larger quantity of 
salt to he laid upon the surface. In this method, the salt forms immediately a firm 
coating. As soon as the water is evaporated, the whole of it becomes fused upon the 
file. In the old method the dry salt was so loosely attached to the file, that the 
greatest part of it was rubbed off into the fire, and was sublimed up the chimney, 
without producing any effect. 

The carbonaceous matter of the ale grounds is supposed to have some effect in give 
ing hardness to the file, by combining with the steel, and rendering it more highly 
carbonated. It will be found, however, upon experiment, that vegetable carbon does 
not combine with iron, with sufficient facility to produce any effect, in the short space 
of time a file is heating for the purpose of hardening. Some file makers are in the 
habit of using the coal of burnt leather, which doubtless produces some effect ; hut 
the carbon is generally so ill prepared for the purpose, and the time of its operation 
so short, as to render the result inconsiderable. Animal carbon, when properly pre- 
pared and mixed with the above hardening composition, is capable of giving hardness 
to the surface even of an iron file. 

This carbonaceous matter may be readily obtained from any of the soft parts of 
animals, or from blood. For this purpose, however, the refuse of shoemakers and 
curriers is the most convenient. After the volatile parts have been distilled over, 
from an iron still, a bright shining coal is left behind, which, when reduced to powder, 
is fit to mix with the salt. Let about equal parts, by bulk, of this powder, and 
muriate of soda be ground together, and brought to the consistence of cream, by the 
addition of water. Or mix the powdered carbon with a saturated solution of the salt, 
till it become of the above consistence. Files which are intended to he very hard, 
should be covered with this composition, previous to hardening. All files intended 
to file iron or steel, parlicularly saw files, should he hardened with the aid of this 
mixture, in preference to that with the flour or grounds. Indeed, it is probable, that 
the carbonaceous powder might be used by itself, in point of economy, since the 
ammonia or hartshorn, obtained by distillation, would be of such value as to render 
the coal of no expense. By means of this method the files made of iron, which in it- 
self, is unsusceptible of hardening, acquired a superficial hardness sufficient for any 
file whatever. Such flies may, at the same time, be bent into any form ; and, in con- 
sequence, are particularly mieftil for sculptors and die-sinkers. 

The next point to be rtaisidered is the best method of heating the file for hard- 
ening. For this purpose a fire, similar to the common smith’s fire, is generally 
employed. The file Is hold in a pair of tongues by the tang, and introduced into 
the fire, consisting of very small cokes, pushing it more or less into the fire for 
the purpose of heating it regularly. It must frequently be withdrawn with a view 
of observing that it is not too hot in any part. When it is uniformly heated, from 
the tang to the point of a cherry red colour, it is fit to quench in the water. At 
present an oven, formed of fire-bricks, is used for the larger files, into which the 
hl{(St of the bellows is directed, being open at one end, for the purpose of introduc- 
ing the files and the fuel Near to the top of the oven are placed two cross bars, 
on which a few files are placed, to be partially beating. In the hardening of heavy 
files, this contrivance affords a considerable saving, in point of time, while it permits 
them also to be more uniformly and thoroughly heat^. 

After the file is properly heated for the purpose of hardening, in order to produce 
the greatest possible hardness, it should be cooled as soon as possible. The most 
common method of effecting this is by quenching it in the coldest water. Some file- 
makers have been in the habit of putting different substances in their water, with a 
view to increase its hardening property. The addition of sulphuric ?cid to the water 
was long held a great secret in the hardening of saw files. After all, however, it will 
he found, that clear spring water, free from animal and vegetable matter, and as cold 
as possible, is the best calculated for hardening files of every description. 
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la qnenclilDg tlie files in water, some cantion must be observed. All files, except the 
half-round, should be immersed perpendicularly, as quickly as possible, so that the 
upper part shall not cook This management prevents the file from warping. The 
half-round file must be quenched in the same steady manner ; but, at the same time 
that it is kept perpendicular to the surface of the water, it must be moved a little 
horizontally, in ,the direction of the round side, otherwise it will become crooked 
backwards. 

After the files are hardened, they are brushed over with water, and powdered cokes, 
when the surface becomes perfectly clean and metallic, They ought also to be washed 
well in two or three clean waters for the purpose of carrying off all the salt, which, if 
allowed to remain, will be liable to rust the file. They should moreover be dipped 
into lime-water, and rapidly dried before the fire, after being oiled with olive oil, 
containing a little oil of turpentine, while still warm. They are then finished. 

FILLIGREE (^Fdigrane, Fr. ; Fihgran, or Feine Drahtgejiecht, Germ.) is, as the 
last term j ustly expresses it, intertwisted fine wire, used for ornamenting gold and silver 
trinkets. The wire is seldom drawn round, but generally fiat or angular ; and sol- 
dered by gold or silver solder with borax and the blowpipe. The Italian word, 
filigranay is compounded of Jilum and granum^ or granular net-work ; because the 
Italians, who first introduced this style of work, placed small beads upon it. 

FILTRATION (Eng. and Fr. ; Filtiiretty Germ.) is a process purely mechanical, 
for separating a liquid from the undissolved particles floating in it, which liquid may 
be either the useful part, as in vegetable infusions, or of no use, as the washings of 
mineral precipitates. The filtering substance may consist of any porous matter in a 
solid, foliated, or pulverulent form ; as porous earthenware, unsized paper, cloth of 
many kinds, or sand. The white blotting paper sold by tlie stationers answers ex- 
tremely well for filters in chemical experiments, provided it be previously washed with 
dilute muriatic acid, to remove some lime and iron that are generally present in it. 
Filter papers are first cut square, and then folded twice diagonally into the shape of a 
comet, having the angular parts rounded off. Or the piece of paper being cut into a 
circle, may be folded fun-like from the centre, with the folds placed exteriorly, and 
turned out sharp by the pressure of the finger and thumb, to keep intervals between 
the paper and the funnel into which it is fitted, to favour the percolation. The diameter 
of the funnel should be about three-fourths of its height, measured from the neck to 
the edge. If it be more divergent, the slope will be too small for the ready efflux of 
the fluid. A filter covered with the sediment is most conveniently washed by spouting 
water upon it with a little syringe. A small camel’s-hair paint brusli is much employed 
for collecting and turning over the contents in their soft state. Agitation or vibration 
is of singular efficacy in quickening percolation, as it displaces the particles of the 
moistened powders, and opens up the pores which had become closed. Instead of a 
funnel, a cylindrical vessel may be employed, having its perforated bottom covered 
with a disc of filtering paper folded up at the edges, and made tight there hy a wire 
ring. Linen or calico is used for weak alkaline liquors ; and flannels, twilled woollen 
cloth, or felt-stuff for weak acid ones. These filter bags are often made conical like a 
fool’s cap, and have their mouths supported by a wooden 
or metallic hoop. Cotton wool put loose into the neck of 
a funnel answers well for filtering oils upon the small 
scale. In the large way, oil is filtered in conical woollen 
bags, or in a cask with many conical tubes in its bottom, 
filled with tow or cotton wool. Stronger acid and alkaline 
liquors must be filtered through a layer of pounded glass, 
quartz, clean sand, or bruised charcoak The alcarrhazas 
are a porous biscuit of stone ware made in Spain, which 
are convenient for filtering water, as also the porous filtering 
stone of Teneriffe, largely imported into England at one 
time, but now superseded in a great measure by the arti- 
ficial filters patented under many forms, consisting essen- 
tially ol strata of gravel, sand, and charcoal powder. 

It is convenient to render the filter self-acting, by accom- 
modating the supply of liquid to the rate of percolation, so 
that the pressure upon the porous surface may be always 
equally great. Upon the small scale, the lamp-fountain or 
bird s-glass form so generally used for lamps, will be found 
to answer. 

Fig. 751 , represents a glass bottle a, partly filled with 
the fluid to be filtered, supported in the ring of a chemical 
stand, and having its mo th inverted into the same liquor in the filter funnel. It is 
obvious, that whenever this liquor by filtration falls below the Up of the bottle, air 
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■will enter into it, let down a fresh supply to feed the filter, and keep the funnel re- 
gularly charged. If larger quantities are to be operated upon, the following appa- 
ratus may be employed. Fig. 752, A b, is a metallic 
vessel which may be made air-tight; c is the under 
pipe provided with a stopcock r, for letting down 
the liquor into the filter a 6. The upper pipe t, through 
which the fluid is poured by means of the funnel e, 
has also a stopcock which opens or shuts, at the same 
time, the side tube u ^ through which, during 

the entrance of the fluid, the air is let off from the 
receiver. A glass tube g, shows the level of the 
liquor in the body of the apparatus. In using it, the 
cock B must be first closed, and the cock s must be 
opened to fill the receiver. Then the filter is set a 
going, by re-opening the cock R, so as to keep the fluid 
in the filter upon a level with the opening of the tube c. 

Both these pieces of apparatus are essentially the same. 

In many manufactures, self-acting filters are fed by 
the plumber’s common contrivance of a ball-cock in 
which the sinking and rising of the ball, within certain 
limits, serves to open or shut off the supply of liquor 
as it may be required or not Dumont has adopted 
this expedient for his system of filtering syrup through 
a stratum of granularly ground animal charcoal or 
bone-black. Fig. 753, is a front view of this apparatus 
with 4 filters c ; and Jig. 754 is a cross section. The 
framework b supports the cistern a, in which the syrup 
is contained. From it the liquor flows through the 
stop-cock 6, and the connection-tube a, into the common 
pipe c, which communicates, by the short branch tubes c, with each of the four filters. 
The end of the branch tube, which is inside of the filter tub, is provided with a stop- 
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sock d y, whose opening, and thereby the efflux of the liquor from the cistern tbrough 
the tube a, is regulated by means of the floating-ball g. Upon the brickwork D the 
filter tub stands, furnished at ^ rs4 

With a false bottom of zme or 
copper pierced with fine holes ; be- 
sides which, higher up at i there is 
another such plate of metal fur- 
nished with a strong handle k, by 
which it may be removed, when the 
bone-black needs to be changed. 

In the intervening space /, the 
granular coal is placed, o is the 
cover of the filter tub, with a 
handle also for lifting it One por- 
tion of it may be raised by a hinge, 
when it is desired to inspect the 
progress of the filtration within. 
m m is a slender vertical tube, forming a communication between the bottom part A, 
and the upper portion of the filter, to admit of the easy escape of the air from tlmt 
space, and from among the bone-black as the syrup descends ; otherwise the ^ratkm 
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could not go on. p is the stopcock through which the fluid collected in the 
space under h is let off from time to time into the common pipe 9, fiy. 7 53. r is 
a trickling channel or groove lying parallel to the tube q, and in which, by means 
of a tube », inserted at pleasure, the syrup is drawn off in case of its flowing in a 
turbid state, when it must be returned over the surface of the charcoal. 

The celerity with which any fluid passes through the filter depends, — 1, upon the 
porosity of the filtering substance ; 2, upon the pressure exercised upon it ; and 3, upon 
the extent of the filtering surface. Fine powders in a liquor somewhat glutinous, or 
closely compacted, admit of much slower filtration than those which are coarse and 
free ; and the former ought, therefore, to be spread in a thinner stratum and over a 
more extensive surface than the latter, for equal effect ; a principle well exemplified m 
the working of Dumont’s apparatus, just described. 

In many cases filtration may be accelerated by the increase of hydrostatic or pneu- 
matic pressure. This happens when we close the top of a filtering cylinder, and con- 
nect it by a pipe with a cistern of fluid placed upon a higher level. The pressure of the 
air may be rendered operative also either by withdrawing it partially from a close 
vessel, into which the bottom of the filter enters, or by increasing its density over ibe 
top of the liquor to be filtered. Either the air pump or steam may be employed to 
create a partial void in the receiver beneath the filter. In like manner, a forcing pump 
or steam may be employed to exert pressure upon the surface of the filtering liquor. A 
common siphon may, on the same principle, be made a good pressure filter, by muking 
its upper leg trumpet-shaped, covering the orifice with filter paper or cloth, and filling 
the whole with liquor, the lower leg being of such length so as to create considerable 
pressure by the difference of hydrostatic level. This apparatus is very convenient 
either on the small or great scale, for filtering off a clear fluid from a light muddy 
sediment. The pressure of the atmosphere may be elegantly applied to common filters, 
by the apparatus represented in fig. 755, which is merely a funuel enclosed within a 
gasometer. The case a b bears an annular hollow vessel a 6, 
filled with water, in which receiver the c>lm(lrical gasometer, 
di e,f, t, is immersed. The filter funnel c is secured at its 
upper edge to the inner surface of the annular vessel a h. In 
consequence of the pressure of the gasometer regulated by the 
weight Qy upon the air inclosed within it, the liquid is equally 
pressed, and the water in the annular space rises to a corre- 
sponding height on the outer surface of the gasometer, as shown 
in the figure. Were the apparatus made of sheet iron, the an- 
nular space might be charged with mercury. 

In general, relatively to the application of pressure to filters, 
it may be remarked, that it cannot be pushed very far, without 
the chance of deranging the apparatus, or rendering the filtered 
liquor muddy. The enlargement of the surface is, generally 
. . speaking, the safest and most efficacious plan of increasing the 

rapidity of filtration, especially for liquids of a glutinous nature. This expedient is 
well illustrated in the creased bag filter now in use in most of the sugar refineries of 
London. See Sugar, 

In many cases it is convenient so to construct the filtering apparatus, as that the 
liquid shall not descend, but mount by hydrostatic pressure. This method has two 
advantages : 1. that without much expensive apparatus, any desired degree of hydro- 
static pressure may be given, as also that the liquid may be forced up through several 
filtering surfaces placed alongside of each other ; 2. that the object of filtering, which 
is to separate the particles floating in the fluid without disturbing the sediment, may 
be perfectly attained, and thus very foul liquids be cleared without ereatlv soiling the 
filtering surface. 5 J b 

Such a construction is peculiarly applicable to the purification of water, either alone, 
or combined with the downwards plan of filtration. Of the former variety an example 
IS shown in 756. The wooden or zinc conical vessel is provided with two per- 
forated bottoms or sieves e c, betwixt which the filtering substance is packed. Over 
this, for the formation of the space h A, there is a third shelf, with a hole in its middle, 
through which the tube J A is passed, so as to be water tight. This places the upper 
open part of the apparatus in communication with the lowest space a. From the com- 
partment h h a small air tube / runs upwards. The filtering substance consists at bottom 
of pebbles in the middle of gravel, and at the top of fine sand, which may be mixed 
with coarsely ground bone-black, or covered with a layer of the same. The water to 
be filtered beingepoured into the cistern at top, fills through the tube b d the inferior 
compartment a, from which the hydrostatic pressure forces the water upward through 
the perforated shelf, and the filtering materials. The pure water collects in the space 
h A, while the air escapes by the small tube /, as the liquid enters. The stopcock i serves 
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to draw off the filtered water. As the motion of the fluid in the filter is slow, the par- 
ticles suspended in it have time to subside by their own gravity ; hence there collects 
over the upper shelf at cf, as 
well as over the under one at 
a, a precipitate or deposit which 
may be washed out of the latter 
cavity by means of the stop- 
cock m. 

As an example of an upwards 
and downwards filter, fig, 757 
may be exhibited, a B c n is 
a wooden or metallic cistern, 
furnished with the perforated 
shelf c d near its under part, 
upon which a vertical partition 
is fixed through the axis of the 
vessel. A semicircular perfo- 
rated shelf is placed at a, and a 
second similar one at b. These 
horizontal shelves rest upon 
brackets in the sides of the cisterns, so that they may be readily lifted ont. The space 
G is filled with coarse sand, j with moderately fine, and h with very fine. The foul 
water is poured into the chamber e, and presses through g J h and into the spacer, 
whence it may be drawn by the stopcock 

Fig. 758 represents in section a filtering apparatus consisting of two concentric 
chambers *, the interior being destined for downwards filtration, and the exterior for 
upwards. Within the larger cistern a, a smaller one b is placed concentrically, with 
its under part, and is left open from distance to distance, to make a coraiii unication 
between the interior cavity and the exterior annular space. These cavities are filled 
to the marked height with sand and gravel. The inner cylindrical space has fine 
sand below, then sharper sand with granular charcoal, next coarse sand, and lastly 
gravel. The annular space has in like manner fine sand below. The foul water is 
introduced by the pipe e, the orifice at whose end is acted upon by a ball-cock with 
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its lever a ; whereby tbe water is kept always at the same level in the inner vessel. 
The water sinks through the sand strata of the middle vessel, passes outwards at its 
bo^m into the annular space, thence up through the sand in it, and collecting above 
5^ is let off by the stopcock on the pipe b. When a muddy deposit forms after some 
time, it may be easily cleared out. The cord «, running over the pulleys f f being 
drawn fight, the ball lever will shut up the valve. The stopcock d made fast to the 
conducting tube E must then be opened, so that the water now overflows into the 
annular space at A ; the tube c, in commanication with the inner space b, being opened 
by taking out the jrtopper h. The water thereby percolates through the sand strata in 
the reveme direction of its usual course, so as to clear away the impurities in the 
space B, and to discharge them by the pipe c A An apparatus of this kind of 
moderate size is capable of filtering a great body of water. It ^ould be con- 
structed for that purpose of masour)? 5 but upon a small scale it may be made of 
stone-ware. 

A convenient apparatus for filtering oil upwards is represented in^. 759. c is an oil 
VouII. . p 
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cask, in which the impture parts of the oil have accQtnulated over the bottom. Imme- 
diately above this, a pipe a is let in, which communicates with an elevated water cistern 
n. / is the filter (placed on the lid of the cask), furnished with two perforated shelves, 
one at e and another at d ,* which divide the interior of the filter into three com- 
partments. Into the lower space immediately over the shelf e, the tube 6, furnished 
with a stopcock enters, to establish a communication with the cask ; the middle cavity 
e is filled with coarsely ground charcoal or other filtering materials ; and the upper 
one has an eduction pipe /. When the stopcocks of the tubes a and b are opened, the 
water passes from the cistern into the oil cask, occupies from its density always the 
lowest place, and presses the oil upwards, without mixing the two liquids *, whereby first 
the upper and purer portion of the oil is forced through the tube b into the filter, and 
thence out through the pipe 1. When the fouler oil follows, it deposits its impurities 
in the space under the partition c, which may from time to time be drawn off through 
the stopcock A, while the purer oil is pressed upwards through the filter. In this way 
the different strata of oil in the cask may be filtered off in succession, and kept separate, 
if found necessary for sale or use, without running any risk of mixing np the muddy 
matter with what is clear. According to the height of the water cistern n, will be the 
pressure, and of course the filtering force. When the filter gets choked with dirt, it 
may be easily re-charged with fresh materials. 

It has been for many years the custom of the water companies to send the water taken 
from the river through filter beds, prepared usually of sand and gravel. It was long 
thought that the effect of these filter beds was merely to separate the solid insoluble 
matters suspended in the water. It has, however, been shown by the investigations of 
the late Mr. Henry M. Witt (a chemist of peculiar promise, lost too soon to science, 
and ere yet the w’orld could recognise his powers), that these filter beds had the power 
of separating many of the dissolved substances from the water ; that, in fact, the soluble 
salts of lime, and the like, were removed by some peculiar physico-mechanical force, 
resident, as it appears, as a surface force, in all porous masses. There are many very 
remarkable examples in nature of the operation of this power in producing beds 
•barged with metalliferous matter, some of which will be described under the head of 
Mining. 

Mr. H. M. Witt communicated to the Philosophical Magazine for December, 1856, an 
account of some experiments on filtration, which are of much value. Many of his 
experiments were made at the Chelsea Water Works, and they appear of such interest 
that we quote the author’s remarks to some extent. 

“ The system of purification adopted by the Chelsea Waterworks, at their works at 
Chelsea, consisted hitherto (for the supply has by this time commenced from Kings- 
ton) in pumping the water up out of the river into subsiding reservoirs, where it re- 
mained for six hours ; it was then allowed to run on to the filter-beds. These are 
large square beds of sand and gravel, each exposing a filtering surface of about 270 
square feet, and the water passes through them at the rate of about gallons per 
square foot of filtering surface per hour, making a total quantity of 1687*5 gallons per 
hour through each filter. 

** The filters are composed of the following strata, in a descending order : — 


lu in. 

1. Fine sand - - - - - - . - 26 

2. Coarser sand - - - - - - -10 

3. Shells - - - - - . - - 06 

4. Fine grarel - - - - - - - 03 

5. Coarse ^vel - - - - - . - 33 


These several layers of filtering materials are not placed perfectly flat, hut are dis- 
posed in waves, and below the convex curve of each undulation is placed a porous 
earthenware pipe, which conducts the filtered water into the mains for distribution. 
The depth of water over the sand was 4 feet 6 inches. The upper layer of Sana is 
renewed about every six months, hut the body of the filter has been in use for about 
twenty years- 

“ Samples of water were taken and submitted to examination : 

“ Ist, from the reservoir into which the water was at the time being pumped from 
the middle of the river. 

“ 2nd, from the cistern, after subsidence nnd filtration.” 

Experiments were made at different seasons of the year j but one of Mr. Witt's 
tables will sufficiently show the results. 

1. Shows the'^uantities of the several substances originally present, represented in 
grains, in the imperial gallon (70,000 grains) of water. 

2. 'The amount present after filtration. 

3. The actual quantities separated in grains in the gallon of water. 
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4. The per eentage ratio *which the amounts separated bear to the quantities 
originally present. 



1. 

Originally 

present. 

2. 

After filtration. 

3. 

Amount 

separated. 

4. 

Per eentage ratio 
of separated 
Matter. 

Total solid residue, includ- 
ing suspended matter 


22 85 

32-75 

58-90 

Organic' matter 


1-349 

2 70 

66-66 

Total miaeral matter 



30-049 

58-29 

Suspended matter - 

28-93 

2*285 

26-645 

92-10 

Total dissolved salts 

22-62 

19*216 

3*404 

15-04 

Lime - - - - 

8-719 

8-426 

0-293 

3-36 


“ It has been assumed as a principle that sand filtration can only remove bodies 
mechanically suspended in water, but I am not aware that this statement has been 
established by experiment; in fact, I am not acquainted with any published analytical 
examination of the effects of sand filtration. 

“These experiments supply the deficiency, and show, moreover, that these porous 
media are not only capable of removing suspended matter (80 to 92 per cent.), but 
even of separating a certain appreciable quantity of the salts irom solution in water, 
viz. from 5 to 15 per cent, of the amount originally present, 9 to 19 per cent, of the 
common salt, 3 per cent, of the lime, and 5 of the sulphuric acid. 

“ Taking the purer water from Kingston, two experiments were made simultaneously 
with the same water, one filtration being through charcoal alone, and the other through 
sand alone, the sand filter having an area of 4 square feet, and consisting of the 


following materials : — 

ft. in. 

Fine sand -.19 

Shells li 

Gravel Ij 

Coarse gravel 9 


2 9 

Results of Sand filtration. 




Originsl 

H^ter 

used. 

1 AUer %3 hoan’ action. 

1 After hoBia’ action. j 



CompartUB 

Amount 

ceparated. 

Per eentage 
of Quantity 
separated. 

Comparison 

Amouat 

separated. 

Percenhm 
ratio of 
Qoantlty 
separated. 



24-S78 

23-87 

0*708 

2*88 

23-69 


3613 

Mineral salts • 


23*687 

22-858 


3-50 

23-04 

0 617 

2-73 

Organic matter 



l'0i2 

- - 

- 

0 649 



.Suspended matter « 


a-soD 

2-663 


24-109 




Chlorine 


0*862 

• » 


• 

0-6T1 


22 16 

Chloride of Sodium 



- 


■ 

1-105 

0-315 

22 il 



After 210 hours’ action. 

After 376 hours' actum. #| 

Total residue 


24-578 

22*534 

2 044 

8-316 

22-507 

2*071 

8-426 

Mineral salts - 


23 687 

21*517 

2-170 

9 161 

21-698 

1-989 

8-397 

Organic matter 


0*8906 

0*917 

. 

- 

0-809 

1-9-25 


Suspended matter •> 

• 

3*509 

1-88 

1-629 

46*423 

1*564 

54*85 

Chlorine 

. 

0-862 

0*674 

0 188 

21 8 




Chloride of Sodium 


1*4-20 

I-IIO 

0310 

21*8 





“ Apart from its special interest, as compared with the following experiment, made 
simultaneously through charcoal, the following points are in themselves remarkable 
in the results obtained by this filtration through sand : — 

“ 1 st. That the filter continued increasing in efficacy even till the conclusion of the 
experiment, i. e., for 376 hours, not having lost any of its power whenjhe experiment 
was terminated. 

“ 2 nd. That no weighahle quantity of dissolved organic matter was removed by the 
sand in this experiment j but it must be remembered that the quantity origmaBy 
present was hut small. 
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“ 3rd. Its porrcr of removing soluble salts was considerable ; as a niaximnni, 2 1 per 
cent, of the common salt being separated. 

Besulls of Charcoal Filtration. 



Origioal 

Whaler 

used. 

After 7* hours’ action. 1 

After 120 hours’ action 

!]oinparison- 

Amoont 

separated. 

Per centaee 
ratio of 
Quantity 
separated. 

Comparison. 

Amount 

separated. 

Per centage 
raUo of 
Quantity 
separate). 

Total residue 

Mineral salts - - - 

Organic matter 

Suspended matter - 
Chlorine - - - 

Chloride of Sodium 

24-578 

23-687 

0 8906 
3-509 
0-862 
1-420 

22*13 

21-375 

0-755 

2-448 

2-312 

0-1356 

9-906 

9-76 

15-22 

21-644 

3-06 

2 934 

0-449 

11-93 

12*79 



After *240 hours’ action. 

After 376 hours’ a 

ictim. 

Total residue 

Mineral salts - - - 

Organic matter 
Suspended matter - 
Chlorine . - - 

Chloride of Sodium 

24-578 

23-687 

0- 8906 
3-509 

0 862 

1- 420 

20 821 

' 2-79 

3-757 

0-719 

15-28 

20-48 

21-374 

20 604 
0’770 

3-204 

3-033 

0*1206 

13 03 
12-31 
13o4 


On comparing this experiment with the preceding, tne loiiowiog pu.u. 
as shoTng the® difference between the effeets of sand and charcoal as filtering 

“Bvthe charcoal, speaking generally, a considerably larger quantity of the total 
resKontird ik the watfr®was removed than by the sand, their maximum results 
being respectively as follows : — 


Amount originally 
present. 

Amount separated in Grains in the 
Gallon. 

Amount separated in per centage of 
the Quantity present. 

By Sand, 

By Charcoal. 

By Sand. 

By Charcoal. 

24-578 grs. ml 
the gallon J 

2-074 

3-757 

8-426 

15-28 


Mr. Way has also shown that agricultural sou possesses ine 
the soluble salts and organic matter from water in a 

are without doubt many natural phenomena '"tich are P “ less 

upon this power, possessed by porous bodies of all kinds, in a greate 

ANNIHILATOBS. This name is given to a portable maehine 
by Mr. Phillips, which is adjusted to produce the immediate 

carbonic acid and other gases, which could be at once directed on the S 

mass. The machine is cylindrical in form, and shghtly conical. For u^se it 's 
with thefoUowing composition: charcoal 20 parts, nitrate of potash 60 parts, ana 
gvpsum 5 parts. These materials are boiled together m water, and afterwards dnea 
SlTstove at the temperature of 100°. The whole is moulded into the ^ 

brick, down the axis of which penetrates a hoUow cavity for the reception of a ^tt e 
which contains a mixture of chlorate of potash and sugar, surmounted by a globute 
of sulphuric acid. The charge so prepared is placed m a cylindrical vessel, pe 
forated in many places, which is itself withm another 
forated for the passage of the gases ; both these are contained in a ^uble 
receiver, the lower part of which contains a quantity of water. The f 

closed by two covers, in the outer of which is an opening for the escape of the va 
pour, in the centre of the cover is placed a spike, for Ae purpose of freaking t^ 
ffass bottle deposited in the cavity of the charge. The spike being forced do^ 
breaks the bottle, and the sulphuric acid causes the instantaneous combusUon ot tne 
chlorate of potash and sugar, which fires the charge. The gases now escape througn 
the perforations, and heating the air in the water chamber, and causing “ to expanu, 
forcL the watef up a tubuUr passage into the space between and around the ^un 
drical vessels placed each within each, and being thus converted into vapour, mixes 
with the gases, and escapes by Ae discharge tube, forming a dense cloud, wnic 
rapidly extmguishes flame. 
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FIRE ARMS, Manufacture of. This art is divided into two branches, that of 
the metallic, and that of the wooden work. The first includes the barrel, the lock, and 
the mounting, with the bayonet and ramrod, for military arms. The second com- 
prises the stock, and in fowling-pieces likewise the ramrod. 

The Barrel, — Its interior is called the bore ; its diameter, the calibre ; the back 
end, the breech ; the front end the muzzle ; and the closing of the back end, the breech 
pin or plug. The barrel is generally made of iron. Most military musquets and 
low-priced gnns were formerly fashioned out of a long slip of sheet- iron folded to- 
gether edge- wise round a skewer into a cylinder ; they were then lapped over at the 
seam, and welded at a white heat. The most ductile and tenacious soft iron, free from 
all blemishes, must be selected for this slip. It is frequently welded at the common 
forge, hut a proper air-fumace answers better, not being so apt to bum the iron, 
which should be covered with. ashes or cinders. The shape of the bore is given by 
hammering the cylinder upon a steel mandril, in a groove of the anvil. Six inches of 
the barrel at either end are left open for forming the breech and the muzzle by a sub- 
sequent welding operation ; the extremity put into the fire being stopped with clay, 
to prevent the introduction of cinders. For every length of two inches, there are 
from two to three welding operations, divided into alternating high and low heats ; 
the latter being intended to correct the defects of the former. The breech and muzzle 
are not welded upon the mandril, but upon the horn of the anvil ; the breech being 
thicker in the metal, is more highly heated, and is made somewhat wider to save 
labour to the borer. The barrel is finally hammered in the groove of the anvil with- 
out the mandril, during which process it receives a heat every two minutes. In 
welding, the barrel extends about one-third in length ; and for musquets, is even- 
tually left from 3 to 3 J feet long ; but for cavalry pistols, only 9 inches. 

The best iron plates for gun-barrels are those made of stub iron, that is of old 
horse-shoe nails welded together, and forged into thin bars, or rather narrow ribands. 
At one time damascus barrels were much in vogue ; they were fashioned either as above 
described, from plates made of bars of iron and steel laid parallel, and welded together, 
or from ribands of the same damascus stuff coiled into a cylinder at a red heat, and then 
welded together at the seams. The best modern barrels for fowling-pieces and the 
modern rifles are constructed of stub-nail iron in this manner. The slip or fillet is 
only half an inch broad, or sometimes less, and is left thicker at the end which is to 
form the breech, and thinner at the end which is to form the muzzle, than in the 
intermediate portion. This fillet being moderately heated to increase its pliancy, is 
then lapped round the mandril in a spiral direction till a proper length of cylinder is 
formed ; the edges being made to overlap a little in order to give them a better hold 
in the welding process. The coil being taken off the mandril and again heated, is 
struck down vertically with its muzzle end upon the anvil, whereby the spiral junc- 
tions are made closer and more uniform. It is now welded at several successive heats, 
hammered by horizontal strokes, called yumptnp', and brought into proper shape on the 
mandril. The finer barrels are made of still narrower stub-iron slips, whence they 
get the name of wire twist On the continent, some barrels are made of steel wire, 
welded together lengthwise, then coiled spirally into a cylinder. Barrels that are 
to be rifled, require to be made of thicker iron, and that of the very best quality, 
for they would ^ spoiled by the least portion of scale upon their inside. Soldiers’ 
musquets are thickened a little at the muzzle, to give a stout holding to the bayonet. 

The barrels thus made are annealed with a gentle heat in a proper furnace, and 
slowly cooled. They are now ready for the borer, which is an oblong square bit of 
steel, pressed in its rotation against the barrel by a lip of wood applied to one of its 
flat sides and held in its place by a ring of metal. The boring bench works horizon- 
tally, and has a very shaky appearance, in respect at least of the bit. In some cases, 
however, it has been attempted to work the barrels and bits at an inclination to the 
hoiyzon of 30°, in order to facilitate the discharge of the boring. The barrel is held in 
a slot by only one point, to allow it to humour the movements of the borer, which 
would otherwise 1^ infallibly 
broken. The bit, as represented 
in fg. 760, has merely its 
square head inserted into a 
clamp-chuck of the lathe, and 
plays freely through the rest of 
its length. 

Fig. 761 represents in plan 
the boring bench for musquet 
barrels ; //is the sledge or 
carriage frame in which the barrel is supported ; a is the revolving chuck of the 
lathe, into which the square end of the hit, Jig, 760, is inserted; 6 >9 the barrel 
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clamped at its middle to the carriage, and capable of being pressed onwards against 
the tapering bit of the borer, by the bent lever c, worked by the left hand of the 
operative against fulcrum knobs at d, which stand about two inches asunder. 
■Whenever the barrel has been thereby advanced a certain space to the right, the bent 
end of the lever is shifted against another knob or pin. The borer appears to a 
stranger to be a very awkward and unsteady mechanism, but its perpetual vibrations 
do not affect the acctiracy of the bore. The opening broach may be of a square 
or pentagonal form ; and either gradually tapered from its thickest part, or of 
uniform diameter tilt within two inches of the end, whence it is suddenly tapered to 
a point. 

A series of bits may be used for boring a barrel, beginning with the smallest and 
ending with the largest. But this multiplication of tools becomes unnecessary, by 
laying against the cutting part of the bit, slips of wood, called spates, of gradually 
increasing thickness, so that the edge is pressed by them progressively further from 
the axis. The bore is next polished. This is done by a bit with a very smooth edge, 
which is mounted as above, with a wedge of wood besmeared with a mixture of oil and 
emery. The inside is finished by working a cylindrical steel file quickly backwards and 
forwards within it, while it is revolving slowly. 

In boring, the bit must be well oiled or greased, and the barrel must be kept cool 
by letting water trickle on it; for the bit, revolving at the rate of 120 or 140 times a 
minute, generates a great deal of heat. If a flaw be detected in the barrel during the 
boring, that part is hammered in, and then the bit is employed to turn it out. 

Many sportsmen are of opinion that a barrel with a bore somewhat narrowed towards 
the muzzle serves to keep shot better together ; and that roughening its inside with 
pounded glass has a good effect, with the same view. For this purpose, also, fine 
spiral lines have been made in their interior surface. The justness of the calibre of 
a fowling-piece or musket is tried by means of a truly turned cylinder of steel, 3 
or 4 inches long, which ought to move without friction, but with uniform contact 
from end to end of the barrel. Whatever irregularities appear must be immediately 
removed. 

The outer surface of the barrel is commonly polished upon a dry grindstone, but it 
is better finished at a turning lathe with a slide rest. 

Rifie barrels have parallel grooves of a square or angular form cut within them, each 
. groove being drawn in succession. These grooves run spirally, and form each an 
aliquot part of a revolution from the chamber to the muzzle. Rifles should not be too 
deeply indented ; only so much as to prevent the ball turning round within the barrel, 
and the spires should be truly parallel, that the ball may glide along with a regular 
pace. 

The Parisian gun-makers, who are reckoned very expert, draw out the iron for the 
barrels at hand forges, in fillets only one-ninth of an inch thick, one inch and a half 
broad, and four feet long. Twenty-five of these ribands are laid upon each other, be- 
tween two similar ones of double thickness, and the bundle, weighing 60 lbs., bound 
with wire at two places, serves to make two barrels. The thicker plates are intended 
to protect the thinner from the violence of the fire in the numerous successive heats 
necessary to complete the welding, and to form the bundle into a bar two-thirds of an 
inch broad, by half an inch thick ; the direction of the individual plates relatively to 
the breath ^ing preserved. This bar folded flat upon itself, is again wrought at the 
forge, till it is only half an inch broad, and a quarter of an inch thick, while the plates 
of the primitive ribands are now set perpendicular to the breadth of the narrow fillet ; 
the length of which must be 15 or 16 feet French (16 or 17 English), to form a fowl- 
ing piece from 28 to 30 inches long. This fillet, heated to a cherry red in successive 
portions, is coiled into as close a spiral as possible, upon a mandril about two-fifths of 
an inch in diameter. The mandril has at one end a stout head for drawing it out, by 
means of the hammer and the grooves of the anvil, previous to every heating. The 
welding is performed upon a mandril introduced after each heat ; the middle of The 
barrel being first worked, while the fillets are forced back against each other, along the 
surface of the mandril, to secure their perfect union. T^e original plates having in the 
formation of the ultimate long riband become very thin, appear upon the surface of 
the barrel like threads of a fine screw, with blackish tints to mark the junctions. In 
making a donble-bprelled gun, the two are formed from the same bundle of slips, the 
coils of the one finished fillet being turned to the right hand, and those of the other to 
the left. 

The barrels foiled, as above described, from a bundle of steel and iron plates laid 
alternately togetner, are twisted at the forge several times, then coiled and welded as 
usu^. Fifteen workmen concur in one operation: six at the forge; two at the 
boring mill; seven at filing, tnmiug, and adjusting; yet altogether make only six 
pairs of barrels per week. In the first instance, it Vill be understood, that, for the 
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construction of the superior barrels, a bundle of borse-shoe nails is welded into a flat 
bar, similar bars of scrap steel are made, and these are made np into a bundle, — a bar 
of iron, and a bar of steel — of eight or twelve bars. This is again welded into one bar, 
and the result is, when the surface is polished, that the difference in the textnre of the 
two metals is distinetly visible. Now, if two bars of iron and one of steel, or two bars 
of steel and one of iron, or any other combination of the two, be adopts, there will 
be a variety in the pattern of the finished bar. 

In constructing the barrel this bar may be twisted np singly, as described, or two bars 
differing in pattern may be welded together, and then twistei It is usual to place two 
bars together, to twist one into a screw and leave tbe other plain, or to give one a 
right hand twist and the other a left handed one, or sometimes three bars are em- 
ployed, and by twisting or otherwise previously to welding the bars together and 
turning or twisting the compound bar into a cylinder, a great variety of patterns are 
prodn^ on the finished barrel. 
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The breeching is of three kinds : tbe common ; the chamber, plug, or mortar, 
fig. 762; and the patent, 763. The common was formerly used for soldiers’ 
musquets and inferior pieces. The se- 
cond is a trilling improvement upon it. 

In the patent hreeching, the screws do 
not interfere with the touch-hole, and the 
ignition is quicker in the main chamber. 

The only locks which it is worth 
while to describe are those upon the per- 
cussion principle, as flint locks have 
ceased to be employed. Forsyth’s lock 
(,fig. 764) was an ingenious contrivance. 

It has a magazine a, for containing the de- 
tonating powder, which revolves round 
a roller b, whose end is screwed into the 
breeeli of the barrel. The priming pow- 
der passes through a small hole in the 
roller, which leads to a channel in com- 
munication with the chamber of the gun. 

The pan for holding the priming is 
placed immediately over the little hole 
in the roller. There is a steel punch c, 
in the magazine, whose under end stands 
above the pan, ready to ignite the priming when struck upon the top by the cock d, 
whenever the trigger is drawn. The poncb, immediately after being driven down 




into the pan, is raised by the action of a spiral spring. For each explosion, the 
md^azine must be tumen so far round as to let fell a portion of the percussion 
powder into the pan ; after which it is turned back, and the steel punch recovers its 
proper position for striking another blow into the pan. 

The invention of the copper percussion cap was another great improvement upon the 
detonating plan. Fig. 765 represents the ordinary percussion lock, which is happily 
divested of three awkward projections upon the flint lock, namely, the hammer, 
hammer spring, and the pan. Nothing now appears upon the plate of the lock, but 
the cock or striking hammer, which inflicts the striking blow upon the percussion 
cap. It is concave, with a small metallic ring or border, called a shield or fence, for 
the purpose of enclosing the cap, as it were, and preventing its splinters doing injury 
to the sportsman, as also protecting against the line of flame which may issue from 
the touch-hole in the cap-nipple. This is screwed into the patent breech, and is par- 
forated with a small hole. * 
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The safety lock of Dr. Somerville is, in its essential featuiie, a slide stop or cateh, 
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placed under the trigger, K,Jig. 766. It is pulled forward into a notch in the trigger, 
by means of a spring n, upon the front of the guard, which is worked by a key c, 
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pressing upon the spring when the piece is discharged. In another safety plan there 
is a small movable curved piece of iron, a, which rises through an opening b, in the 
lock-plate c, and prevents the cock from reaching the nipple, as represented in the 
figure, until it is drawn back within the plate of the lock when the piece is fired. 

To fire this gun, two different points muft be pressed at the same time. If by 
accident the key which works the safety be touched, nothing happens, because the 
trigger is not drawn ; and the trigger touched alone can prolife no effect, because it 
is locked. The pressure must be applied to the trigger and the key at the same 
instant, otherwise the lock will not work. 

The old French musket is longer than the British, in the proportion of 44-72 inches 
to 42 ; but the French bayonet is 15 inches, whereas the British is 17. 


Eng. Dimensions. Fr. Dimensioi^. 

Diameter of the Bore - - - . o-75 in. 0 69 in. 

Diameter of the ball - - - - 0-676 0-65 

Weight of the ball in oz. - - - 1-06 0-958 

Weight of the firelock and bayonet in lbs. 12-25 10-980 

Length of the barrel and bayonet - - 59-00 59-72 


Within these few years a great many contrivances for fire arms have been brought 
forward, and several have been patented. The first is that of Charles Random, 
Baron de Bererjer. Fig. 767 shows the lock and breech of a fowling piece, with a 
sliding protector on one of the improved plans ; a is the hammer, b the nipple of the 
touch-hole, e a bent lever, turning upon a pin, fixed into the lock-plate at d. The 
upper end of this bent lever stands partly under the nose of the hammer, and while in 
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that situation stops it frpm striking the nipple. A slider yfh, conneoted with the 
under part of the gun-stock, is attached to the tali of the bent lever at i ; and when the 
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piece is brought to the shoulder for firing, the hand of the sportsman pressing against 
the bent part of the slider at g, forces this back, and thereby moves the end of the 
lever c forwards from under the nose of the cock or hammer, as shown by the dotted 
lines. The trigger being now drawn, the piece will be discharged ; and on removing 
the band from the end of the slider J\ the spring at h acting against the guard, will 
force the slider forward, and the lever into the position first described. 

Mr. Bedford, gun-maker, of Birmingham, introduced a modification of the lock for 
small fire-arms, in which the application of pressure to the sear spring for discharging 
the piece is made by means of a ping, depressed by the thumb, instead of the force of 
the finger exerted against the trigger. Fig. 768 represents a fowling piece partly in 
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action. The sear spring is shown at a. It is not here connected with the trigger as 
in other locks ; but is attached by a double-jointed piece to a lever ft, which toms upon 
a fulcrum pin in its centre. At the reverse end of this lever an arm extends forwards, 
like that of an ordinary sear spring, upon which arm the lower end of the ping c is 
intended to bear ; and when this plug is depressed by the thumb bearing upon it, that 
end of the lever ft will be forced downwards, and the reverse end will raised, so as 
to draw up the end of the sear spring, and set off the piece. For the sake of pro> 
tection, the head of the plug c is covered by a movable cap dj forming part of a slider e, 
which moves to and fix) in a groove in the stock, behind the breech end of the barrel; 
this slider e is acted upon by the trigger through levers, which might be attached to 
the other side of the lock-plate ; but are not shown in this figure to avoid confusion. 
When the piece is brought to the shoulder for firing, the fore-finger must be applied 
as usual to the trigger, but merely for the purpose of drawing back the slider e, and 
uncovering the head of the plug ; when this is done, the thumb is to be pressed upon 
the head of the plug, and will thus discharge the piece. A spring bearing against 
the lever of the slider e, will, when the finger is witlidrawn from the trigger, send the 
slider forward again, and cover the head of the plug, as shown. 

The Rev. John Somerville, of Currie, in April, 1835, obtained a patent for a further 
invention to prevent the accidental discharge of fire-arms. It consists in hindering 
the%ammer from reaching the nipple of a percussion lock, or the flint reaching the 
steel of an ordinary one, by the interposition of movable safety sti^ or pins, which 
protrude from under the false breech before the hammers of the locks, and prevent 
them from descending to strike. These safety studs or pins are moved out of the 
way by the pressure of the right hand of the person using the gun only when in the 
act of firing, that is, when the force of the right hand and arm is exerted to press the 
butt end of the stock of the gun against the shoulder while the aim is taken and the 
trigger pulled. In carrying the gun at rest, the proper parts of the thumb or hand 
do not Come over Mr. ^merville^s movable buttons or studs. 

Fig. 769 is a side view of part of a double percussion gun ; and/^^70 is a top or 
plan view, which will sei ve to explmn these improvements, and show one, out of mauy^ 
methods of carrying them into effect. A is the stock of the gun ; b the barrels; c 
breech ; p the nipples ; £ the false breech, on the under side of which the leven whk^ 
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vork the safety studs or pins are placed ; t is the shield of the false breech ; o triggers ; 
B the lock-plttfe; and x the hanuners. all of which are constructed as usual ; a a are 
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the safety studs or pins, which protrude before the shield r, and work through guide 
pieces on the under side of the false breech. The button piece is placed in the 
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position for the thumb of the right hand to act upon it ; but when the pressure of the 
ball of the right thumb is to produce the movement of the safety studs, it must be 
placed in or near the position k ; and when the heel of the right hand is to effect the 
movements of the safety studs, the button piece must be placed at L, or nearly so. 

In these last two positions, the lever (which is acted upon by the button piece 
to work the safety studs through a slide) would require to be of a different shape 
and differently mounted. When the hammers are down upon the nipples after dis- 
charging the gun, the ends of the safety pins press against the inner sides of the 
hammers. When this invention is adapted to single-barrelled guns, only one pin, o, 
one lever and button piece will be required. 

Mr. Richards, gun-maker, Birmingham, patented a modification of the copper cap 
for holding the percussion powder as represented fig. 771 ; in which the powder is 
removed from the top of the cap, and brought nearer the mouth ; a being the top, b 
the sides, and c the position of the priming. The dotted lines show the direction of 
the explosion, whereby it is seen that the metal case is opened or distended only in 
a small degree, and not likely to burst to pieces, as in the common caps, the space 
between a and c being occupied by a piece of any kind of hard metal rf, soldered or 
otherwise fastened in the cap. 

George Lovell, Esq., Director of the Royal Manufactory of Arms at Enfield, intro- 
duced an improvement upon the priming chamber. He forms it into a vertical 
double cone, joined in the middle by the common apex ; the base of the upper cone 
being in contact with the percussion cap, presents the most extensive surface to the 
fulminate upon the one hand, while the base of the under one being in a line with the 
interior surface of the barrel, presents the largest surface to the gunpowder charge, 
upon the other. In the old nipple the apex of the cone being at its top, afforded very 
injudiciously the minimum surface to the exploding force. 

Guns, Rifling of the Harrefe.— The outside of rifle barrels is, in general, octagonal. 
After the barrel is bored, and rendered truly cylindrical, it is fixed upon the rifling 
machine. This instrument is formed upon a square plank of wood 7 feet long, to which 
is fitted a tube about an inch in diameter, with spiral grooves deeply cut internally 
through its whole length; and to this a circular plate is attached about 5 inches 
diameter, accurately divided in concentric circles, into fi-om 5 to 16 equal parts, and 
supported by two rings made fast to the plank, in whieh rings it revolves. An arm 
connected with the dividing graduated plate, and pierced with holes, through which a 
pm IS ^e^ regulates the change of the tube in giving the desired number of grooves 
to the baml. An iron rod, with a movable handle at the one end, and a steS cutter 
in the other, p^^ses through the above rifling tube. The rod is covered with a core of 
lead o^fTOt long. The barrel is firmly fixed by two rings on the plank, standing in 
a ^ght hne on the tube. The rod is now drawn repeatedly through the barrel, from 
end to end, until the cutter has formed one groove of the proper depth. The pin is 
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then shifted to another hole in the dividing plate, and the operation of grooving is 
repeated till the whole number of riflings is completed. The barrel is next taken out 
of the machine, and finished. This is done by casting upon the end of a small iron 
rod a core of lead, which, when besmeared with a mixture of flue emery and oil, is 
drawn, for a considerable time, by the workmen, from the one end of the barrel to the 
other,, till the inner sorface has b^ome finely polished. The best degree of spirality is 
found to be from a quarter to half a revolution in a length of three feet. 

Military Rifles. — An essential improvement in this destractive arm has been in* 
trodnced into the British service. 

The intention in all rifles is to impart to the ball a rotatory or spinning motion 
round its axis, as it passes out through the barrel. This object was attained, to a 
certain degree, in the rifles of the old pattern, by cutting seven spiral grooves into the 
inside of the barrel, in the manner shown by jig. 772, the spherical ball,^^. 773, being 
a little larger than the bore, w as driven down with a mallet, by which the prelecting 
ribs were forced into the surface of the ball, so as to keep it in contact with their 
curvatures, during its expulsion. Instead of this laborious and insecure process, the 
barrel being now cut with only two opposite grooves, jig. 77 At and the ball being formed 
with a projecting belt, or zone, round its equator, of the same form as the two grooves, 
jig> 775, it enters so readily into these hollows, that little or no force is required to 
press it down upon the powder. So much more hold of the barrel is at the same time 
obtained, that instead of one quarter of a turn, which was the utmost that could be 



safely given in the old way, without danger of stripping the ball, a whole turn round 
the barrel in its length, can be given to the two grooved rifles ; whereby a far more 
certain and complete rotatory motion is imparted to the ball. The grand practical 
result is, that better practice has been performed by several companies of the Kifle 
Corps, at 300 yards, than could be produced with the best old military rifles at 150 
yards ; the soldier being meanwhile enabled to load with much greater ease and 
despatch. The belt is bevelled to its middle line, and not so flat as shown in the figure. 

This mode of rifliug is not, however, new in England. In fact, it is one of the 
oldest upon record ; and appears to have fallen into disuse from faults in the exeeufion. 
The idea was revived within the last few years in Brunswick, and it was tried in 
Hanover also, but with a lens*shaped {Linsenjormig) balL The judicious modifica- 
tions and improvements it has finally received, have brought out all its i^vantages, 
and rendered it, when skilfully used, a weapon of unerring aim, even at the distance 
of 700 yards. 

The locks, also, for the military service generally, are receiving important im- 



provements. In LovelFs lock the action of the main spring is revereed, as shown hj 
Jiy* 776 ; thus rendering the whole mechanism more solid, compact, and cmivaDOtt % 
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'while the ignition of the charge is effected by percussion powders in a copper cap. 
Mr. LoveU, inspector of small arms for her ^ajesty^s service, and director cf the 
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Royal manufactory, at Enfield Chase, directed his mind to the 
construction of a sure, simple, and strong musket, ■with which, 
under his superintendence, the whole of her Majesty’s soldiers 
were long provided. He has also furnished them with a 
short, but clear set of instructions for the cleaning and manage- 
ment of these excellent arms, illustrated by a series of wood 
engravings. From this little work the following notice is 
copied. 

Fig. 777. The barrel, reduced to one-seventh size, a, the 
breech ; 6, the nipple-seat or lump ; c, the hack sight ; J, the 
hack -loop ; e, the middle loop ; /, the swivel-loop ; g, the front 
loop, with the bayonet-spring attached ; A, the front sight; 

the muzzle. 

Fig. 778. The breech-pin, half size, a, the tang; A, the 
neck ; c, the screw threads ; rf, the face. 
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Fig. 779. The bayonet-spring, two ways, half size, a, the 
shank ; i, the neck j c, the hook ; d, the mortice. 

Fig. 780. The nipple, full size, a, the cone ; b, the squares ; 
c, the shoulder j d, the screw-threads j c, the touch-hole. 
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head ; b, the shaft ; c, the screw threads. 

Fig. 782. The lock, outside, half size, a, the plate ; J, the 
cock j c, the tumhier-pin ; rf, the hollow for the nipple seat. 

Fig. 783. The lock, inside, half size, showing all the parts 
in their places with the cock down at hearer, a, the main- 
spring ; b, the sear-spring ; c, the sear ; d, the tumbler ; e, the 
bridle j /, the main-spring-piu ; g, the sear-pin ; h, the sear- 
spring-pin ; t, the hridle-pin. 

Barrd-wdding by Machinery. — The barrels of mnsquets, 
hirding-gnns, &c., or what are called plain, to distinguish them 
from those denominated stub or twisted barrels, have of late 
years been formed by means of rolls, a process in which the 
welding is first effected on a short slab of thick iron, and then 
the barrel is brought down to its destined length and forifl, by 
repeatedly passing it between a pair of rolls, that have been 
previously grooved to the exact shape of the barrel intended 
to be made. 

The iron being thoroughly refined, and reduced into fiat bars by the process de- 
scribed, is cut %• the shears into slabs or lengths of 10 to 12 inches, and 10 to 
lOj lbs. weight, or less, according to the description of gun-barrel that is intended 
to be made. These slabs are then heated, and bent in their whole length, by 
means of conveniently goooved bending roils, until they assume the form of rough 
tabes, of the Ond of section shown by a. Jig. 784. They are then placed on the 
hearth of the reverberatory furnace, and brought to a full welding heat, and as 
soon as the edges of a tnbe come to a semi-flnid state, it is taken out and passed 
between rolls having grooves somewhat smaller in diameter than the exterior of the 
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tube, by which means the tube is perfectly welded from end to end; and if care be 
taken in the management of the heat, and the juncture be kept clear of ^rt and 
cinders, the iron will be found perfectly homogeneous in eyery part, and there will be no 



appearance whatever of the seam where the the edges came together. These tubes 
are repeatedly heated, and passed between the barrel rolls, which are of sufficient 
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diameter to admit of gradually decreasing grooves, the whole length of the intended 
barrel being indented on their surfaces. 

To preserve the tubular form, and insure regularity in the size of the bore during 
the welding process, they are taken out of the furnace, by thrusting into them a tool 
called a mandril, B, jig. 785, which consists of a long rod of iron, having a short steel 
treblctt on its end, of the diameter that the bore of the barrel is meant to be. This 
rod is so adjusted by means of a strong iron plate c, near its handle, which is of wood, 
and long, that when passed with the heated tube on it between two transverse holding 
bars, the short steel treblett D shall be found exactly between the point of impact of the 
barrel rolls, E, E. 
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The adhesion of the hot iron to the surfece of the rolls is strong enongji to draw 
the tube off the mandril, which thus keeps the bore open firan end to end, and of 
repeating the process through the whole series of grooves in the rolhh the h«tel » 
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gradually elongated, and brought down to the exact form required ; any superflnona 
kngth at the muazle is then cut off. The breach end is then adjusted by the hammer 

a triple-seat welded on by hand if it be intended for a percussion l^fc ; and then the 

batrel is ready to go forward to the mill to be bored, turned, and finished. 

Gun barrels formed by this mechanical method are found to stand proof better than 
those worked by hand, because the heat is more equalised ; and any imperfections in 
the original mass of iron are more dispersed over the whole extent of the tube. 

Of late years large strides have been made towards increasing the efficacy of mili- 
tary fire-arms. 

The first attempt to iimrove the rifle in use in the French army, was that proposed 
by M. Delvigne, an officer of the royal ex-guard (/y. 786), in which the upper 
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orifice of the chamber that contained the powder took the form of a cup, wherein the 
ball (somewhat wider in diameter) was received, and by two or three smart blows of 
a heavj'-headed rammer (also cupped out for the purpose) became expanded lateralljr, 
and thus the rotary motion was imparted to it by the spiral grooves of the barrel m 
passing out Colonel Poncharra suggested the addition of a wood bottom or sabot 
under the ball and a greased woollen patch ; and Colonel Thouvesino proposed (Jig, 
787) a steel stem or pillar about 2 inches long inserted into the face of the breech- 
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pin i round this pin the charge of powder was received, and the diameter of the ball, 
when resting on the top of the pin, was enlarged by the blows of the heavy-headed 
rammer, as suggested by Delvigne. 

This system took the name of “ Cgrabine k Tige,” and has been very generally intro- 
duced for the service of fusilier battalions in continental armies j very grave objections, 
however, hare been found against it in nse, fitom the impossibility of keeping the chamber 
(or part round the pin) clear j and from the severe labour to the soldier in ramming 
down and enlarging the diameter of the ball sufficiently to insure the rotary motion 
desired. 

But if the ultimate results thus attained with spherical balls turned out not entirely 
satis&ctory, it was made clearly manifest, in the course of the experiments carried 
on, that no insuperable difficulty stands in the way of rendering the fire of infantry very 
much more accurate and powerful, by the use of rifled barrels throughout the army, and 
thns leading to a verification of the prediction made by Robins above one hundred years 
ago, that “ whatever state shall thoroughly comprehend the nature and advantages of 
rifled barrel pieces, and having facilitated and completed their construction, shall in- 
troduce into their armies their general use, with dexterity in the management of them, 
will by this means acquire a superiority which will almost .equal any thing that has 
been done at imy time.” 

But besides smoothing the way to such an essential improvement, it has been elicited 
of late years, that when the accuracy of flight is secured by the rotary motion derived 
from the rifling, the bullet, instead of being limited to the form of a sphere as hereto- 
fore, may, up to certain limits, be elongated with considerable increase of destructive 
effect; and with an augmentation of range very much beyond anything that^has 
hitherto been considered to lie within the reach of small arms — placing them, in fact, 
with reference to artillery and cavalry, in the first place instead of the last • 

An immensely extended field has thus been opened to experimenters. 1st Mons. 
Didion proposed a true oval (Jig. 7 88) as the best form of bullet so that when shortened 
by the blows of the heavy rammer and widened in its diameter, it might be brought 
nearer to the spherical shape before leaving the barrel. 

2nd. Mons. Delvigne took a patent for a bullet (Jig. 789) nnder the designation of 
“ Cylindro Ogiyale ; ” it had a conical opening behind, in which he imagined that the 
force of the pdwder would exert itself with sufficient energy to expand the lead perma- 
nently, and so make the ball take the rotatory movement derived from the rifling, with- 
out any fatigue to the soldier in loading : with this projectile, indeed, the operation is 
but slightly more difficult than with the ordinary cartridge and smooth barrels. 
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The ballet (Jiff. 790) of the “ Carabine k Tige ” "was called ** Cylindro Coniqne,” and 
was said to possess this adyantage over the preceding, that, being brought more to a 
point in front, it bored its waj tlirough tl^ air witib greater ease, and thus retained 
788 789 790 791 792 



greater velocity, and of course, more extended range ; and with this ballet it was that 
Mons. Tamisier introduced three sharp-edged channels round it, which he stated were 
necessary to keep its flight steady, by offering a resistance to the action of the air. 

Finally Mons. Minie, an officer of the French line, suggested 791) the addition of 
a denoyau or culot to the hollow ball of Delvigne. This, in the form of a little cup 
made of sheet iron, is placed in the orifice of the conical hollow of the hall behind, and 
by the energy^ of the powder is driven into the ball, enlarging its diameter permanently, 
and thus giving all the accuracy of the rifle, with nearly the same facility of loading 
as with the plain-barrel. 

The principle of the invention, as thus developed, has, we learn, been adopted by our 
government for the general use of the army, seeing that it offers so great advantages 
over the system of plain barrels, but the bullet (Jiff. 792), as modified by the Inspector 
of Small Arms, has on its exterior no channels, they being found not oidy useless as to 
steadying the flight of the projectile, hut absolutely injurious in lowering its velocity. 
The bullet in its improved form too, being more truly balanced in its proportions, 
aud made by mechanical means instead of by casting, has no tendency to the gyrations 
which appear to have so puzzled French artUlerist4and for which they have invented 
the word “ derivation,” and wasted much learned disquisition. 

But even if it were ever to happen, which is not likely, that these various projectors 
could be brought to agree as to the best form of projectile, they will then find out, 
that although by the general introduction of rifled and elongated bullets an immense 
advantage has iken realised over plain barrels, their plans, based as they all are upon 
a system of loadinff at the muzzle^ are at best but one step in advance ; and that a good 
sound military fire -arm loadinff at the breach wHI, affer all, remain the great desideratum 
— an arm that, without any less accuracy or power to reach masses of artilleiy or 
cavalry at a thousand yards’ distance, will enable the soldier to triple the quantityof 
his fire at any moment that he may he called upon to repel a charge of cavalry or 
attack or defend a breach at close quarters ; of such simple construction, and so easily 
handled in every position of the body, that the soldier can pour every shot of his most 
murderous fire upon the enemy with unerring precision, whilst he himself may lie 
coolly behind a stone or in a ditch in entire security. 

These are no longer wild imaginings, although so many hundreds of attempts towards 
the same object, from the earliest period to the present day, have been one after another 
seen invariably to fail. The Germans have been long and steadily purauing the great 
object, until at length Herr Dreysa, of Sommerda in Thuringia, has succeede^after 
more than twenty years of continued labour, in establishing a musquet, under the name 
of “ ^lindnadelgewebr,” which if not quite perfect, is so well adapted for the osw to 
which it is applied that the Prussians have arm^ the whole of their line and the 
Ijandwehr with this weapon. 

The needle musket (Jiff. 793) consists of a strong socket a, open on the upper side 



and screwed on to the barrel 6, which is rifled in the usual manner ; within this so^et 
is a slider c, which in fact constitutes the lock, ^ it contains the spind ^riag^and ' 
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mecbanisni that prodace igoitioa by percnssion ; it has a stont hebel, or handle, by 
which it is moved backwards and forwards freely. The cartridge {fig. 794) consists 
of the ball a, the sabot b, or bottom of hard paper, and holding the 
priming matter, and lastly the charge of powder c, the whole being made 
np in paper pasted together. In use the slider l^ing drawn back, the 
soldier puts the cartridge with the point of the ball in front into the 
open breach of the barrel, pushes the slider forward, and secures its 
close junction by a turn to the right against an inclined edge of the 
open socket. The spiral spring is then brought into action by pressing 
the spring case forward with the thumb. 

To Captain Drayson, R. A., we are indebted for the following. The 
Enfield rifle, which has lately been approved of for the use of the army, 
is constructed principally by machinery. 

The factory at Enfield, at which this arm is manuihetured, is considered 
one of the most complete establishments in the world. 

The barrel, lock, wood-work, furniture, and bayonet are all constructed 
at Enfield, and as each portion is made exactly of the same size and shape, 
a part of one rifle will fit into the same part of another. 

The total length of this weapon, including bayonet, is 6 R. 0^ in. long, 
and weighs 9 lb. 3 oz. ; the barrel is 3 ft. 3 in. in length, and weighs 4 1b- 
2 oz. i the diameter of bore is "577 inch. The bullet is elongated, and rotates on leaving 
the piece like a spherical bullet. The general figure of the bullet is cylindrical, but its 
front end is rounded, and its rear end has a conical-shaped cavity. In the Minic 
rifle, some of which were introduced into the service, a small iron cap was placed in 
the hollow at the rear end of the ball for the purpose of causing the bullet to 
expand, but in the Enfield rifle this opening is filled by a wooden plug instead. 
This diminishes the fouling of the bore, and answers all the purposes of expansion. 

The bullet is "568 inch, length 1’062 inch, weight 030 grains. The barrel is proved 
at Enfield, and when flaws are supposed to exist as much as IS drams of powder 
have been fired, without bursting the barrel. The service charge is drams. The 
weight of 60 rounds of ammunition including 75 caps is 5 lb. 8 oz. 

The bore has three grooves, each groove forms a spiral of J a turn in 3 feet 3 inches. 
The rifle is sighted up to 900 yards, but an effective range may be obtained beyond 
that distance. 

The number of rifles lately turned out at Enfield is from 1000 to 1200 per week j 
but there is shortly to be an increase in this quantity, when it is expected that upwards 
of 1500 per week will be turned out. 

For neatness and completeness of workmanship, as well as for efilciency, the Enfield 
rifle is undoubtedly superior to any other fire-arm yet in use. 

FIRE BRICKS. &e Bricks and Clay. 

FIRE-DAMP; the carburetted hydrogen of coal-mines, produced, in some cases, 
by the slow decomposition of the coal itself ; in others, it is probably the result of the 
changes in the constitution of the vegetable matter of which the coal itself is formed, 
which has been confined under great pressure in the interstitial spaces of the coal beds 
or rocks immediately in connection with them. The accumulation of this gas in the 
“goa^” or waste spaces of a coal mine, is probably due to the changes which the 
coal itself undergoes. The sudden outbursts of this gas, known as “ blowers,” are no 
doubt the result of the liberation of the gas by suddenly removing the pressure under 
which it has been confined. This gas is the constant product of the decomposition of 
carbonaceous bodies nnder water ; it has hence been also called marsh gas. It is a 
protocarburetted hydrogen, its formula being C*H*. 

This carbnretted hydrogen gas does not explode when mixed with air in a propor- 
tion much above or below the quantity necessary for complete combustion. With 
three or four times its volume of air it does not explode at all, with five and a half or 
six volumes of air it detonates feebly, and with seven or eight most powerfiilly- 
When mixed with fourteen volumes of air the mixture is still explosive, but with 
larger proportions of air the gas only bums about the flame of the taper. See Safety 
Lakp and Mining. 

FIRESTONE, signifies a stone which will bear the heat of a furnace without injury. 
In geology the term is generally applied to the sandstone which occurs at the top of 
the upper green rand in the south of England, which, from its power of withstanding 
the effects of heat, is frequently used for lining kilns and furnaces. It is a greenish 
calcareous sandstone, soft, and easily worked in any direction when first taken from 
the qimrry ; htt on exposure it becomes extremely hard and durable, and well suited 
for building purposes. Many of the older churches in Dorsetshire are built of this 
stone. — H. W. B. 

FIRE WORKS, See Pybotechsy. 
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FIR-WOOD. (^Ahies,') 1 . The Su^yer Fir, Pinus ahies. (^Sapin C(mmun^ 
Fr. ; Weiss Oder Edel Tanne, Germ.) 2. Scots Fir, Pinus sylvestris. (Pm 
lyjEcosse^ Fr. ; Kiefer Oder FSiure^ Germ.) These are valuable as timber-trees, and 
for the resinous juices which exude from them. 

FISH SKIN. The skin of the dog-fish, shark, and other ganoids, used occasionallj 
in polishing and in cleaning rounded and irregular works in pattern making. 

FLAGSTONE: a stone which splits freely in a particular direction along the 
original lines of deposition of the rock. These are generally sandstones, and the 
splitting surface are frequently produced by thin laminae of mica; but thin bedded 
limestones also famish flagstones, of which some beds of Purbeck limestone and 
the Stonefield slates are examples. Flagstones are also obtained from Lias limestones, 
which are, in fact, thin beds of indurated clay. — H. W. B. 

FLAKE WHITE. This name is applied indiscriminately to pure white lead, and 
to the trisnitrite of bismuth. 

FLAME (P/aw»ie, Fr. and Germ.), in the ordinary acceptation, is the combustion 
of a mixture of an inflammable gas or vapour with air. That it is not, as many sup- 
pose, combustion merely at the exterior surface where the gas and the air come 
in contact with each other, is proved by passing a fragment of phosphorus or 
sulphur into the centre of a large flame. Either of these bodies ignited in 
passing through the fllm of flame will continue to bum there with its peculiar 
light ; thus proving that oxygen is mixed with the vapour iu the interior. If we 
mix good coal gas with as much atmospheric air as can convert all its carbon into 
carbonic acid, the mixture will explode with a feeble blue light; but if we mix the 
same gas with a small quantity of air, it will hum with a rich white flame ; a know- 
ledge of this fact has led to the practice, in many of our large gas works, of pumping 
air into the gasometers with the coal gas, a dishonest and a dangerous system. In 
the latter case, the carbonaceous particles are precipitated, as Sir H, Davy first showed, 
in the interior of the flame, become incandescent, and constitute white light : for from 
the ignition of solid matter alone can the prismatic rays be emitted in that concen* 
trated union.. Towards the interior of the flame of a candle, a lamp, or a gas jet, 
where the air is scanty, there is a deposition of solid charcoal, which, by its ignition, 
increases in a high degree the intensity of the light. If we bold a piece of fine wire 
gauze over a jet of coal gas close to the orifice, and if we then kindle the gas, it will 
burn above the wire with its natural hrilliaucy ; but if we elevate the gauze progres- 
sively higher, so as to mix more and more air with it before it reaches the burning 
point, its fiame will become fainter and less white. At a certain distance it becomes 
blue, like that of the above explosive mixture. If a few platina wires be held in that 
dim flame they will grow instantly white hot, and illuminate the apartment. On re- 
versing the order of this experiment, by lowering progressively a flat piece of wire 
gauze from the summit towards the base of a gas flame, we shall find no charcoal 
deposited at its top, because plenty of air bas been introduced there to' convert all the 
carbon of the gas into carbonic add ; but as we descend, more and more charcoal will 
appear upon the meshes. At the veiy bottom, indeed, where the atmospheric air 
impinges upon the gauze, the fiame is blue, and no charcoal can therefore be depo- 
sited. 

The fact of the increase of the brilliancy and whiteness of flame by the development 
and ignition of solid. matter in its bosom, illustrates many curious phenomena. We 
can thus explain why olefiant gas affords the most vivid illumination of all the gases; 
because, being surcharged with charcoal, its hydrogen lets it go in the middle of the 
flame, as it does in an ignited porcelain tube, whereby its solid particles first get ignited 
to whiteness, and then burn away. When phosphorus is inflamed, it always yields a 
pure white light, from the ignition of the solid particles of volatilised phosphorus 
rapidly converted to phosphoric acid. 

In the blowpipe flame from an oil-lamp or a candle, the inner blue fiame has the 
greatest heat, because there the combustion of the whole fatty vapour is complete. 
The feeble light of burning hydrogen, carbonic oxide, and sulphur, may, upon the 
principles now expounded, be increased by simply placing ia them a few particles of 
oxide of zinc, slender filaments of amianthus, or fine platina wire. Upwards of 
twenty years ago Dr. Ure demonstrated, in his public lectures in Glasgow, that by 
narrowing the top of a long glass chimney over an argand flame either from oil or 
coal gas, the light could be doubled, at the same cost of material. The very tall 
chimneys used by the lamp-makers are very wasteful, as they generate a strong 
current of air, and the combustion of the solid matter is carried on with great rapidity. 
With a narrow chimney of half the length we can have nearly as a light, and 
save 30 per cent, of the oil. See Blowpipe. 

FLANDERS BRICKS, commonly called Bath bricks. These are made in la^ 
quantities at Bridgewater, from the silty clay deposited in the estuary, which cootains 
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a large quantity of fine sand. These hrieks are much used for domestic purposes, 
also in making founders’ cores, and for polishing some steel articles. 

FLANNEL. A plain woollen stuff of a rather open and slight fabric. See 
’WooiiEN Manufactures. 

Wales is the country in which flannel was originally made, and the Welsh flannel 
is still held in much estimation. Hand labour is still employed in the produc- 
tion of Welsh flannel, and though it is not so cheap as some others, the quality and 
finish of this fabric generally causes it to be preferred for vests worn next the 
skin and similar purposes. Flannels are now made more extensively at Rochdale than 
in any other part of the world. In that neighbourhood the manufacturers produce the 
greatest variety of widths, finish, and substance, viz. : the thin, the medium, the 
thick, double raised, and swanskin. Saddleworth produces the so-called Saxony 
flannels, which are much' admired, and some varieties are produced at Leeds, and 
finished the natural colour of the wool. In the west of England flannels are made, 
but not extensively, and in Ireland a few varieries of low flannels and coatings, called 
Galways, are manufactured from Irish grown wool. 

FLAT RO£^. In mining, a series olF rods for commnflicctmg morion from the 
engine, horizo^lly, to the pumps or other machinery in a distant shaft. 

FLAX (Latin, h'num ; French, lin; Italian and Spanish, lino; Portuguese, finAo ; 
German flacha ; Dutch vlas), the Linum vaitatiasimum, a plant of the class Pentandria, 
order Pentagynia, in the system of Linnaeus, and the type of the order Linacese, in 
the natural system of Botany, largely cultivated for its fibre and seed, and, next to 
cotton, the most extensively used raw material for textile manufacture in the vegetable 
kingdom. This plant was primarily a native of Asia, and was introduced at an early 
period, into Europe. Frequent mention is made of it in scripture history, as grown 
both in Palestine and in Egypt, as well as of the fabrics mamifactumd from its fibre. 
It was probably introduced into Europe by the Phtenician traders, or the Greek 
colonists of Egypt and Syria. Homer alludes to the linen manufheture of Greece. 

At the present day, the flax plant is grown for fibre alone, for seed alone, or for 
both products together, in many countries of the eastern, and in some of the western 
hemisphere. For seed alone, in Hindostan, Turkey, and the United Statesof America; 
for fibre and seed in Russia, Belgium, Holland, France, Germany, Scandinavia, Italy, 
Switzerland, the Iberian Peninsula, Great Britain, and Egypt ; in Ireland, chiefly for 
the fibre, without utilising the seed. 

The average ammal production of fibre, in the chief countries where flax is grown, 
is as follows: — 


Russia 



Ton*. 

• 130,000 

France - - . . . 


. 

. 48,000 

Belgiom - . . . . 



- 18,000 

Holland ..... 

• 


9,000 

Austria ..... 



- 60,000 

Prussia ... 



. 32,000 

Ireland ..... 

• 

• 

- 35.000 

Egypt ...... 

- 

- 

- 10,000 


and addi n g idl other countries, we may estimate the entire annual weight of fibre 
produced thrtmghbnt the world, at 400,000 tons. 

The quantity of seed may be taken at nearly 2,000,000 of quarters. At the 
average value of fibre and seed, ^ annual production in countries, of the former, 
may be given in value at 20,000,0001, and of the latter at S,000,000f., making in all, 
25,000,000t as the worth of the raw prodnoe, before its conversion into woven fabrics 
and feeding stufi^ 

The flax plant has a single slender stem, varying from 2 to 4 feet in height, ac- 
cording to the nature of the soil and the season, with the difference of climate, find 
mode of culture. It has lanceolate, sessile leaves, of a rich green colour, and branches 
out, at the top, into two or more small stems, each of 2 or 3 inches in length, 
and baring light blue flowers, succeed by globular capsules, pointed at the apex, 
and ^ring 8 to 10 seeds of a reddish brown, when ripe. The stem of the plant 
consists of an inner part, or core, sometimes hollow, but more frequently solid, com- 
posed of ligneous matter, snrronnded with a bark of fibres, which are united to each 
other by a gum, the whole being sheathed in a fine epidermis. The plant arrives at 
matoity m 14 or 15 weeks after the seed is sown. It has then changed to a pale 
yellow or straV colour, and the seeds have become brown. The usual period of 
TOwing, in European countries, is from March to May, although in some parts of the 
Comment the seed is put in the ground in autumn, but in this case nothing is gained, 
as the plant becomes mature very little earlier than when the sowing » done in 
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spring. It is gvwvn on a vide range of soils, sandy, calcareous, clay, loam, peaty,- &e., 
but that best adapted to it is, either a deep, friable, clay loam, or the allavial deposit 
of rivers, whether along their banks, their deltas, or where reclaimed from the sea, 
as in the case of the polders of Holland. Deep tillage, good drainage, and repeated 
pulverisation of the soil, are very requisite. The preparations for the crop are began 
in winter, by ploughing the surfime, and turning it up to the action of frost : they 
are complete in spring, by plowing and harrowing. The seed is sown at the rate of 
bushels per statute acre, . the bM season being April. In the British Isles, 
Belgium, ^and Holland, the &voarite seed is obtained frem Russia, Riga being the 
port of smfHnoit Dutch se^ is also extensively in use in Ireland, in the heavier 
class of sous. American is also occasionally used in Ireland, and a good deal of 
home grown seed— the first year’s growth from Riga seed (cme year from the barrel), 
which is considered quite equal to the parent. No manure is used in Ireland, but in 
Belgium and France, rape cake dissolved in urine is considered very useful. The 
seed is sown broadcast, and the soil is afterwards rolled. When the plant is a few 
inches high, weeds are carefully removed, and no further attention i^ecessary until 
the season of pulling. Flax is not cut with the scythe or sickle, btirls pulled up by 
the roots. About the middle of August it is generally ready for palling, in the British 
Islands, but in Belgium and France, it is in a fit state 2 to 3 weeks earlier. 

The after treatment varies in different countries. In Russia, part of Belgium and 
Holland, and in France, the plant after being pulled, is dried in the sun, being set up 
on the root end in two thin rows, the top interlacing in the form of the letter V in- 
verted. The sun and air soon thoroughly dry the stems, and they are then made 
ipto sheaves, and the seed afterwards beaten off. The stems are steeped subsequently. 
Another mode,^in general use in Ireland and in part of Flanders, is to steep the green 
stems immediately after they arc pulled. In Flanders, the seed is invariably separated 
from the stems before the latter are immersed in water. In Ireland, although this 
is practised to some extent, yet the great bulk of the flax crop is put in the water at 
once, with the seed capsules attached, and consequently there is a very considerable 
annual loss to the country, by this waste of a most valuable product of the plant. 
In the Walloon country of Belgium, in its eastern provinces, and in the greater part 
of Germany, dew-retting is practised. That is, in place of immersing the stems in 
water, they are spread thinly on short grass, and the action of the dews and rains 
ultimately effect what immersion in a running stream or pool accomplishes in a much 
shorter time, namely, the decomposition of the gum which binds the fibres to the stem 
and to each other. Fibre obtained by this method is, however, of very inferior 
quality and colour. 

If the fibre of flax be separated from the stem, without the decomposition of this 
matter, it is found to be loaded with impurities, which are got rid of aterwards in the 
wet-spinning, the boiling of the yarn, the subjection of the woven fabric to the action 
of an alkaline lye, and the action of the atmosphere, — of rains and of alternate dippings 
in water, acidulated with sulphuric acid, and of a solution of chloride of lime, which 
are all required to perfect the bleaching. The great object, therefore, is to obtain the 
fibre as nearly free from all foreign substances as possible, and, consequently, the 
mechanical separation of it ftom the woody pith of the stem is not to he recom- 
mended. 

At various periods attempts have been made to prepare flax fibre without stepping. 
Weak acids, solutions of caustic potash, and of soda, soap, lye, and lime, have all been 
tried, but have all been found objectionable. In 1815 Mr. Lee brought before “ the 
trustees of the linen and hempen manufactures of Ireland ” his system of separating 
the fibre without steeping. He alleged that a large yield was thus obtained, that the 
colouring matter could afterwards be discharged by the most simple means, and that 
the fibre possessed greater strength. But it was found that the ^stm was practL 
caRy worthless. In 1816, Mr. Pollard, of Manchester, brought forward a phtu of the 
same nature, and proposed to make an article from flax, which could be span on 
cotton machinery. This also fell to the ground. In France and Belgium, at d^erent 
periods, similar projects were found equally impracticable. In 1850, and agtun in 
1857, Mr. Donlan revived the same, but the same fatal objections prevented the success 
of the system. The fibre was loaded with impurities, and the apparently larger 
yield over steeped fibre, consisted solely of these very impurities, which h^ to be 
got rid of in the after processes of manufacture. At the same time it must be recog- 
nised that the “ dry separated ” fibre can be rendered useful for one class of manu- 
factures, viz., those where no bleaching is necessary, and its great strength is here 
an object. For ropes, rick-covers, tarpaulins, railway-waggon covers, &e., where 
pitch or tar arc used, and prevent the decomposing action of moisture and at atmo- 
spheric changes, this mode of obtaining flax fibre is highly nsefiiL 

The immersion of the flax stems in water, either as pulled fall of snp, or i^er 
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drying, appears, as yet, to l>e the best mode of effectlug the decomposition of the 
gum, and obtaining the fibre pure, or nearly so. The water most snitable for this 
purpose is that obtained from sui^ace drainage, springs generally holding more or 
less of mineral matters in solution. Spring-water ^om a calcareous soil is peculiarly 
unsuitable, the carbonate of lime which it contains being adrerse to tbe putrefactive 
fermentation of the regetable extractive. In Kussia, much of tbe flax grown is 
steeped in lakes. In Holland, it is always steeped in pools filled with the surface 
drainage. In France and Belgium, it is either steeped in pools or rivers. In Eng- 
land and Ireland, generally in pools, though occasionally in rivers. The most cele- 
brated steep-water in the world is the river Lys, which rises in the north of France, 
and flows through the west of Belgium, joining the Escant at Ghent. Although the 
water of this stream has been analysed, chemists have not been able to discover why it 
should be so peculiarly favourable to the steeping of flax. All along its course flax 
is steeped. The trade is in the hands of factors, who purchase the dried steins from 
the growers, and undertake all the after processes, selling the fibre to merchants when 
it has been prepared for sale. Tbe apparatus lu use consists of wooden crates, 12 feet 
long, 8 wide, ai!d 3 deep. The sheaves of flax-straw are placed erect in the crates, 
and the root ends of one are tied to the top ends of another, to secure uniformity of 
packing. The crate, when filled, is carried into the river, and anchored there, the 
upper part being sunk by the weight of stones, 6 inches underneath the surface. The 
period of steeping begins in May, and ends about September. The previous year’s 
crop is thus steeped, having lain over in the state of dried straw during the winter. 
All the flax thus treated produces fibre of a yellowish white colour, very soft and 


lustrous, with very finely divided filaments, and strong. From it almost exclusively 
is made cambric, the finest shirtings, and damask table-linen. It is a strange fact 
that flax straw is brought to the Lys, from a great distance, and even from Holland, as 
no other water has yet been found to give such good fibre. 

In 1847 a new system of steeping was introduced in Ireland, by Mr. Schenck, of 
New York, It bad been successfully tried in America on hemp, and tbe inventor 
crossed the Atlantic to try its efficacy on flax. His plan consisted in hastening tbe 
putrefactive fermentation of the vegetable extractive by artificially raising tbe tem- 
perature of the water to 90® Fahrenheit By this means instead of an uncertain 
period of seven to twenty-one days being required for the steep, according to the state 
of the weather and the temperature of the atmosphere, the flax was retted uniformly 
in sixty hours. The flax straw, after the separation of the seed, is placed in wooden 
or brick vats, and the heat is communicated by forcing steam into a coil of iron or 
leaden pipes, placed under a false bottom perforated with holes. 

The annexed plan (Jig- 795) of a retting on Schenck’s system, capable of consuming 
anntmlly the produce of 400 acres of flax, and employing, in all the operations of 
seeding, steeping, drying, and scutching, 30 men and 55 girls and boys, or an aggre- 
gate of 85 persons, will give an idea of the arrangements. The seeding-house 
requires to be of large size, as flax straw is a bulky article. It is on the ground floor, 
for Ae convenience of carting in the flax. The loft above it is used for cleaning and 
storing Uie seed. Tbe vat and spreading-rooms are in a building of one story only, 
built wi& a vaulted roof resting on pillars. That part of the roof which is over 
the vats has lower windows to aid the escape of tbe vapours from the vats. The 
drying riieds at the top of the plan are on an open, space, well exposed to the wind, 
and fifty or sixty feet aparL The hot mr ro<Nns or desiccating house are fire-proof, 
each remm c^^ble of containing the flax tamed out in one day's work. The scutch 
mill, with engine and boiler-hoose, complete the plan. 

The advantages of this system were so manifest that it was speedily adopted in 
many parts of the United Kingdom and of the Continent It was found, however, to 
have some defects. The small quantity of water soon became thoroughly saturated 
with the products of decomposition, and the fibre of the flax, when dried, was, conse- 
quently, found loaded with a yellow powder, offensive to the smell, causing incon- 
venience in the preparing and spinning, and worse stilL acting prejudicially on the 
quality of the fibre itself, rendering it harsh and dry. 

*u these defects, Mr. Pownall, of l^ndon, conceived the idea of pressing 

tne flax straw, immediately when taken out of the steep, between a ptur of smooth 
^-iron cylindere, while, at the same time, a stream of water played upon the rollers. 

the fold water of the vat is pressed out of the flax stems, which are 
flattened and ^ise^ tiiiu tending to aid the separation of the bundles of fibres into 
minute filameff^, while the stream of water effectually washed away all remaining 


^ obtiuned by reducing the tem- 
of steeping. The most perfect adaptation of Schenck's 
system is at the rettery of M. Auguste Scrive, near Lille, and Jig, 796 is a repre- 
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sentation of it. Tanks of wood or stone are used, each to contain two and a half tons of 
flax straw, llie straw is classified according to quality and length before being packed 
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four inches thick catching the tops on the whole length of eaeh row of bundles. 
These strips of wood are kept firm by cross iron holders b, seciu^ by iron bars r, 
fastened to pieces of wood d, worked into the side walls of the tank, leaving a surface 
of four inches deep of water over the top of the flax. When the tank has been filled 
with cold water through the wooden shoot E, the whole is rapidly heated to 78*^ 
Fahrenheit, by means of steam pipes coiled under the false bottom. A second open 
shoot F, carries heated water at 90® to discharge on the surface, besides two closed 
pipes G G, one of which brings hot water of the same temperature, and the other cold 
water. When fermentation sets in, which is ordinarily in eight hours, the pipe, as 
well as the shoot of water at 90®, is set at play. The first to create a continual current 
of fresh water through the mass of flax, clearing off the products of decomposition, 
and bringing them to the surface ; the second to drive this foul water to the openings 
H H, where it is discharged by the overflow. The two pipes with heated and cold 
water going to the bottom of the tank, as well as the two shoots containing cold and 
hot water, to go to the surface, are also made use of to equalise the temperature during 
the whole operation, which is ascertained by the use of a thermometer in the square 
wooden box J j. The steeping of coarse straw requires 36 to 48 hours, medium 
qualities 50 to 60 boors, and the finer descriptions 60 to 72 hours. The “ wet roll- 
ing ” between cylinders after the steep is accompanied by a shower of water at 78®, 
not on the flax but on the top of the cylinders. This removes the remaining impu- 
rities, and prepares the straw for being easily dried. The heated water may be ob- 
tained from the waste water of a spinning-mill, or from a condensing steam-engine. 

Flax steeped by Scbenck’s system is dried in various ways. Some retters have 
drying houses with heated air, others set up the flax loosely on the root end, in the field, 
or spread it thinly on the grass, while others, again, clasp it between two slender 
pieces of wood about a yard in length, and hang these up in a building open at the 
sides, so that a current of atmospheric air is constantly passing through. 

In 1852 another mode of retting flax was introduced by Mr. Watt, of Glasgow. 
Instead of immersing the stems in water, he subjected them to the action of steam. 
Square iron chambers were employed, in which the flax straw was packed. The door 
by^ which it was introduced was then fastened by bolts or nuts, and steam was then 
driven in. The steam penetrated the stems ofvhe flax, and being partially condensed 
on the top and sides of the iron chamber, a constant drip of water, lukewarm, fell upon 
the flax, la twelve to fourteen hours the stems were removed, and, after being dried, 



the fibre readily separated from the woody core, the watel* 
chamber being of a dark brown colour, without offensive cdour. 
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this method was of « greyish colour, and vas at first well thought of by mann&cfurers ; 
but, in the end, on more extended trials it was found to possess several defects, and 
Watt’s system is not now carried out. 

Another system of treating fiax was introduced by M. Claussen, a Belgian, and for 
some time it attracted much attention. He separate the fibre Aom the stem without 
steeping, and then, by the employment of acids and alkalies, he got rid of the vegetable 
extractive and other impurities, and produced a fibrous mass strongly resembling cotton. 
He professed to make an article capable of being spun with cotton or wool. The 
higher value of flax fibre, however, was a great obstacle, and at present the only use 
m^e of his process is to convert scutching tow — the refuse flax fibre — into an article 
to be spun with wool, and even this is practised to but a very small extent. 

Messrs. Barton and Pye’s patent (Jig. 797) is a modification of the hot water steep. 
By this process the flax straw, after the seed is removed, is passed through a machine 
composed of plain and crimping rollers, by the combined action of which the woody 
part is rendered easily separable from the fibre. The latter is then placed in a vat, 
holding about a ton, which is subsequently filled with cold water. This vat has a per- 
forated false bottom, under which steam, with a pressure of 50 lbs. to an inch, is in- 
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troduced and disseminated by perforated tubes. Another tube conveys into the a 
cold mixture of fuller’s earth in water. The introduction of the mixture and the steam 
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is continued until the liquid in the rat reaches 80^ Fahrenheit. The flax remains in 
it at this temperature for thirty hours, when the surface of the liquid is covered with a 
saponaceous froth. Then an apparatus of cross bars of wood, closely fitting into the 
interior of the vat, and pressed by two powerful screws, expresses the impurities from 
the fibre. The supply of the fuller’s earth is stopped, and cold water is alone sup- 
plied with the steam, so regulated that the temperature is by degrees raised to 150°, 
the pressure being continued until the water appears free from impurities. The water 
is then withdrawn from the vat through a valve in the bottom, and a pressure equal to 
200 tons is applied to the mass of the flax. It remains under this pressure for four hours, 
when it is half dry. It is then taken out and dried in sheds open at the sides to the 
air. The fibre produced by Mr. Pye’s method appears of good quality and strong, 
but the system has not as yet been carried out on a sufficiently large scale to admit of 
a decided opinion on its merits. 

The same may be said of the plan of M. Terwangue, of Lille, who employs hot 
water at a temperature of 15° to 17° centigrade, 60° Fahr., in which chalk and char- 
coal have been placed. His process requires seventy- two hours on the average, and 
he employs brick tanks. The water is, as in all the preceding cases, heated by steam. 

Before leaving the subject of steeping, reference may be made to a process patented 
by Mr. F. M. Jennings, of Cork, by means of which coarse flax fibre is rendered 
capable of being subdivided into minute filaments, or, in other words, made fine. 
While the fibre of cotton is incapable of subdivision, that of flax, as viewed through 
the microscope, is seen to consist of a bundle of extremely delicate filaments adhering 
together, so that fine and coarse flax are really relative terms. Mr. Jennings throws 
down upon the flax fibre, as it appears in commerce, a small quantity of oil, say half 
an ounce to the pound of fibre. He eflects this by boiling t]»e fibre in an alkaline soap 
lye, washing with water, and then boiliug in water sligl\tly acidulated with pyrolig- 
neous acid, which decomposes the soap and leaves its fatty constituent on the fibre. 

It is afterwards washed once more, and is then found to be soft and'silky, and the 
coarse fibres capable of being readily separated on the hackle, while the strength is 
not apparently reduced. There is also a greater facility in the bleaching of the linen 
made from flax fibre so treated, and less loss in weight in the bleaching process. 

While some of the inventions referred to for hastening and equalising the time of 
steeping are being carried out to a considerable extent, and promise well, w hen brought 
to a greater degree of perfection by experience in practical working, to be yet more 
largely employed, the great mass of the flax grown throughout the globe is steeped in 
pools, rivers, or lakes. It will, therefore, be most advisable to follow the processes, as 
practised by the growers or factors. 

When the flax has been sufficiently retted, t. e. when on taking a few stalks out of 
the water the fibre can be readily separated by the fingers along its entire length from 
the woody interior, it is removed from the water, and placed to drain on the banks of 
the pool or river. It is then taken to a closely shorn grass-field or old pasture land, 
and spread thinly and evenly on the ground. Id Flanders, however, the system of 
drying is somewhat different. Instead of being spread flat on the ground, the sheaves 
are divided into four portions, and these are set upright in ciipelles, i. e., the butt ends 
are spread widely out in a circle on the ground, and the tops are kept close together. 
By this means the sun and air soon dry the flax. When thoroughly dried it is tied 
up in sheaves, and after remaining a few days in the usual form of a grain stack, it is 
ricked. In this state it may remain for years without the fibre being deteriorated. 

The next process is termed scutching (French, teiUage), and is intended to separate 
the fibre from the woody matter of the stem, and thus to make it fit for the pinner. 
The first part of this process is to bruise the stems thoroughly, so that while the fibre, 
from its tenacity, is intact, the brittle woody part is flattened and broken in such a 
manner as to admit of its easily being beaten 08" by the action of the scutch-blade or 
scutch-mill. In most countries the bniising is done by band. In Flanders and France 
the flax straw is first laid fiat on the ground the sheaf being untied and spread thinly, 
and the workman, placing his foot upon it. beats it with an instrument called a mail, 
having a curved handle and a heavy square indented mallet, 799. 

The next part of the process is to give the flax repeated blows in a machine termed 
a 6rac^ or braque. Jig. 800. This is generally made of wood, but sometimes of iron, 
and consists of two rows of grooves T x, the upper one moving on a pivot at the 
socket s. A stout pole p runs from end to end of the upper row of teeth. The latter 
are wedge-shaped, 4| inch deep, inches thick at top, and 33 J inches long from the 
head h to the^ket 8. The head weighs about 8 lbs. and is 10 inches long, and 3^ 
inches thick. The lower row of teeth consists of four, while the upper is three, fitting 
into the interstices. The best wood for the machine is that of the apple-tree- 

Next comes the scutching proper, still following the Belgian, French, and Dutch 
method of hand-work. After the flax has been bruised by ihe mail, and crushed by * 
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the braquCi it is ready for the scutching process. la Belgium and France the method 
pursued is by the employment of a wooden stand 801). A broad plank of 
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pine or beech, about 4 feet high, and rather more than a foot brohd, about f inch 
thick, is fixed in a wooden sole n. 3 feet from this sole is a cut in the wood of the 
upright plank, about to 2 inches wide. This cut serves for the introduction of a 
handful of the dax straw, bruised as before described, and the workman holding it thi^e- 
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fourths exposed through the slit, beats it with a tool called the scutch-blade,^^. 802. 
It is made of walnut wood, and is very tough and flexible. In Ireland the system 
of scutching by hand is very rude, and prevails chiefly in the western counties. A 
brake similar to that of Belgium is employed, but instead of the Belgian scutch tool, 
a rude instrument is employed, generally of ash-wood, in the form of a sword blade. 

Jt must be stated that the system of handscutching is only to be recommended where 
the quality of the flax fibre is so superior as to render economy in waste of primaiy 
importance, or else where the wages of labour are so low, as to render the power of 
machinery of little consequence, as regards economy. But, where wages arehigh, 
and flax of medium or low quality, there is no question that machine-scutchiug is the 
most advisable, and the most economical. This has been especially recognised in 
Ireland, where in 1857, 1037 scutch mills were in operation, when the growers sent 
their crops to he prepared for market, at a reasonable rate, much less than hand- 
scutching would have cost. Scutch mills have been introduced with advantage into 
Bussia, Prussia, Austria, Denmark, Holland, Belgium, France, Italy, and Egypt. 
In Ireland, although in several districts flax is scutched by hand, :^!hchine or mill 
scutching has been for more than half a century in operation. As in the hand- 
scutching, the operation consists of two processes; first, the braising of the steins, 
and secondly, the beating away of the woody parts from the fibre. The original 
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system of bruising is still very general. It consists of a set of three smooth wooden 
rollers, one underneath and the two others above it, parallel to each other, and one of 
them horizontal to the lower roller. The labourer sits opposite the lower roller, and 
inserts a handful of flax straw between the latter and the upper one, which is horizontal 
to it. The flax being drawn in and bruised between these, passes up between the two 
upper rollers, and reappears at the outside. It is again put through, once or twice, 
according to its thickness, or to its being more or less steeped, and the fibre, conse- 
quently, more or less easily freed from the ligneous part. The scutching apparatus 
consists of a wooden shaft, to which are attached, at intervals, like radii of a circle, 
short arms, to which are nailed the stocksy which are parallelogram shaped blades of 
hard wood, with the edges partially sharpened. The labourer stands beside an up- 
right wooden plank, very similar to that figured in the description of the Belgian 
hand-scutching apparatus, and through just such a slit exposes one half of the handful 
of bruised flax -straw to the action of the stocks, which revolve with rapidity along 
with the shaft, and strike the flax straw, beating off the ligneous matter, and leaving 
the fibre clear. When the end exposed to the stocks is cleaned, the workman turns 
the handful and exposes the other end. It is usual to have a set of either two or 
three men, at as many different stands, and instead of each thoroughly clearing out 
the handful of flax, he only partially does so ; the second then takes it up and finishes 
it; or, if there be three in the set, he does not quite clean it, but hands it over to the 
third to do so. In the latter case, the first workman is called the huffery the second 
the middlery and the third the Jinisher. The motive power in these scutch-mills is 
generally water ; in some cases they are wind-mills, and in a few instances they are 
driven by horses. Latterly, the use of steam-engines has considerably increased, as 
being more to be depended upon than water, which frequently fails in a dry season. 
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It has been found that the woody waste produced in the scutching, is quite sufficient 
fuel for the boiler, without its being necessary to purchase coal or peat, and this waste 
had hitherto been applied to no useful purpose, being with the greatest difficulty de- 
composable for manure. 

The first imMovement on this old scutch-mil! apparatus was the introduction, by 
Messrs. MacA*m Brothers, of Belfast, of a machine for bruising the flax straw, 
prior to steeping, and it has since been extensively employed, with very satisfactory 
results. It consists of a series of fluted rollers, running vertically on each other, the 
flutings varying in width, the widest set being the first through which the flax straw 
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passes, and the others diminishing in \vidth, until the finest is the last. While acting 
strongly on the ligneous matter, at the same time bruising and crimping it, and re- 
ducing it almost to powder, it does not injure or disarrange the fibres. One breaking 
machine of this construction is capable of supplying 12 scutching stands of the ordi- 
nary mill. It is attended by two boys, one to feed the flax-straw into the machine, 
by means of a feeding table, and the other to remove it at the opposite extremity. 
Once passing through the machine is quite sufficient to prepare the flax straw 
thoroughly for being scutched. The force required to drive it is one horse-power. 
Fig. 803 will best show its construction and mode of action. 

It having been found that many disadvantages were inherent in the old scntch- 
mill, several persons have set themselves to work to supply a machine which would 
reduce the cost of labour, obviate the necessity of obtaining skilled workmen, and 
diminish the great waste of fibre, which was but too frequent in the ordinary mill. 
Among the most successful of these seutcbing-niachines, is an invention of Mr. 
Mac-Bride, of Armagh, Ireland, jigs. 804, 805. It consists of a cast-iron frame, at 
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each end of which is a compartment, enclosing a double set of beaters, of peculiar 
construction, which revolve rapidly in a contrary direction, striking alternately on 
each side of the flax, as it is submitted to their action, and thoroughly removing the 
woody part, which falls down in dust into a pit or hollow under the machine. In 
order to carry the flax gradually through the machine, and present it in a proper 
manner to the beaters, in succession, an endless double rope is introduced, carried in 
the hollow of a large grooved wheel, in which it is kept tight, by means of tension 
weights. The flax-straw, made into handfuls, is introduced at a, under the double 
rope, at one end of Biachine, and is at once grasped by it firmly, rather above its 
middle, and carried aloi^ slowly, by the movement of the grooved wheel, until it 
enters, hanging downwards, the compartment b, containing the first set of beaters. By 
the time the flax-straw has been carried through them, all its lower half, which has 
been exposed to the action of the beaters, is cleaned out, and the rope, passing on a 
short way farther, arrives at a point where a second grooved wheel i‘*,^‘evolving, fur- 
nished with ropes in like manner, but arranged at a rather lower level. By a simple 
arrangement, the flax is' here transferred from one set of ropes to the other, the 
second set grasping it near its lowest end, thus leaving all the uncleaned part, or upper 
half, ready to be scutched. The second wheel moves on, and carries the to- 


236 


FLAX. 


■wards the compartment containing the second set of beaters, cleaning all the upper 
portion of the flax. It then issues out at », cleaned throughout, and is received by a 
person placed there for that purpose, who makes it up into the usual package for sale, 
IS^lbs. A constant succession of similar handfuls of flax-straw are thus Kept pass- 
ing through the machine without interruption, e e are the beaters, F F are two cones, 
carrying a leather band, which gives the motion to the ropes, or carrying apparatus. 
By shifting the position of this band towards one end or the other of the cones, the 
speed of the carrying-ropes may be varied at pleasure, so as to keep the flax a longer 
or shorter time under the beaters. Some kinds of flax require more scutching than 
others, c o are the driving pulleys, for giving motion to the machine, by means of a 
band from motive power, which may be steam, water, wind, or horses. Each pair of 
pulleys drives one set of beaters separately from the other set, and hence, if requisite 
to drive one set faster than the other, which is sometimes the case when the top end 
of the flax is hard to clean, this is easily done by using a similar pulley on the machine, 
or a larger drum on the driving shaft, n h are the tension weights and levers for 
keeping tight the carrying-ropes. J j are hearers of wood for carrying the frame of 
the machine. K K are pita underneath the compartments containing the heaters, 
and are for receiving the woody dust as it falls from the flax-straw. The machine 
occupies a space of Hi feet, by 10 feet, but some space is required round it for 
handling the flax. The height of the machine is feet. The power required is 
three-horse. 

M. Mertens, of Gheel, Belgium, has invented a scutching-machine, which merits 
notice. It is portable and cheap, and requires the attendance of only hoys or girls, to 
put the flax -straw in and take the scutched-fihre out. The action is something similar 
to that of the Irish scutch-mill, but the bruised flax -straw is placed in iron clasps, one 
end being first cleaned out, and then the clasps opened, the flax-straw reversed, and a 
second insertion in the machine clears out the other end. 

Messrs. Rowan, of Belfast, have very recently introduced a scutching machine, 
whose action differs from all hitherto in use. The flax-straw is not previously 
bruised, but is at once fastened in iron clasps, which are placed in a slide, the action 
of the machine carrying them on along one side, while two parallel bars of iron, 
toothed, comb the straw and separate the woody part from the fibre. The first 
portion of these bars have coarse teeth, and the teeth become closer by degrees np to 
the end of the slide. There a workman or boy takes out the clasps, unscrews the 
nuts fastening them, and reverses the position of the straw, so that the portion not 
previously subjected to the action of the machine is now presented to it, while that 
already cleaned out is untouched, 'rhe machine is double, i. e. has two sides of 
combs, each capable of containing twelve of the clasps, and each cleaning out one 
end of the flax-straw. Hence, after the workman or boy has unclasped the half- 
cleaned straw, turned it upside down, and presented the uncleaned end to the other 
side of the machine, the same action of combing, already described, clears out that 
end thoroughly, and by the time the progressive movement of the mechanisfii brings 
the slide to the extreme end, the flax fibre appears free from woody refuse, and in a 
fit state for market. It is then unclasped and made up into bundles. 

There have been a great number of other scntclung machines invented, but it is 
not necessary to partic^rise them. 

In the operation of scutching, however carefully it may he done by hand or by 
machine, there occurs more or less waste, f. «. the beating of the flax-straw, in order 
to separate the marketable fibre from the useless wood, canses a portion of the former 
to be tom off in short filaments mingled with the wood, and this tom fibre is very 
much less valuable than the long filaments when finally cleared out. In general, it 
will not averageunore than an eighth or a tenth of the value of the long fibre. It is 
termed scuiching-tow or codilla, and when properly cleaned is dry-spnn for yams em- 
ployed in making coarse sacking, tarpaulins, &c. Being very much mixed with the 
woody-matter of the flax-stems, it is necessary to get rid of the latter before "the 
scutching-tow can be spun into yam. To accomplish this, shaking by hand is the 
first process, and subsequently the stuff is put into a woody machine termed a “ devil,” 
in which, by a mechanism something resembling the shakers in a threshing machine, 
the wood^ particles and dust are got rid of. The tow is sorted into different quali- 
ties, and, in some cases, it is hackled before being sold. In France and Belgium, it i; 
chiefly retained at home, spun by hand, and woven into such fabrics as coars' 
trowsers and shirts, for the labouring classes, aprons, table-covers, &c. &c. What is 
produced in I^^ia, is partly used for similar purposes among the serfs, but the great 
mass is export^ Great Britain and Ireland being the chief mart, and Dundee espe- 
cially. 

The great aim in all the different methods of scutching, has been to obtain the 
largest possible yield of long fibre from the flax-straw, and to Waste as little as pos- 
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sible in scutcliing-tow. The French and Flemish system of hand-scntching is most 
sacccssful in this respect, but as the quality of fibre there produced is very much 
finer, and consequently more -valuable than all others, the additional expense of hand- 
labour is compensated by the larger yield of long fibre ; whereas, in Ireland, the fibre 
being generally coarser and less valuable, occupying an intermediate place between 
the Flemish and Russian, the cheapness of mill-scutching turns the scale, and, except 
in remote districts, it is now universal In Egypt, until some fifteen years ago, the 
method of scutching was of the most primitive form. The fellahs, after steeping 
their flax in the Nile, and drying it on the banks, proceeded to clean out the fibre, by 
first beating the straw between two flat stones, and then striking it against a wooden 
post. Mehemet Ali and his successors, however, introduced Irish scutch mills, driven 
by steam-power, and since then a marked improvement has taken place in the state 
in which Egyptian flax has been brought to market. It may be interesting to note 
here, that in the early period of Egyptian civilisation, the dwellers by the Nile were 
able to manufacture cambrics of a finer texture than the most finished modern mecha- 
nism can produce, — as is evidenced by the cerecloths wrapping the mummies, and 
that from a fibre so coarse in comparison to European flax, that while the latter may 
be spun by machinery to 300 or 400 leas, and by hand to 1200 leas, the former can- 
not be put higher than 40 to 50 leas, and rarely even to that. 

In the scutching operation, three several matters are obtained from the flax stems. 
The first is the fibre, which is the primary object, and which is the really valuable 
portion, that known as “ flax ” in commerce. The second is the woody refuse of the 
stems, hitherto applied to no other use than as fuel, or occasionally in Ireland as a 
covering for cuttings of potatoes, when planted, to protect them from frost. Mr. Pye, 
of Ipswich, however, proposes to make it available as an auxiliary food for 
cattle, having the authority of Professor Way that a sample analysed by him yielded 
7*02 per cent, of oil and fatty matter; 7*93 of albuminous matter (containing 1*25 
nitrogen), and 26*29 starch, gum, sugar, Ac. He (Mr. Pye) recommended its use 
for feeding live stock, in conjunction with ground oats or other farinaceous food. 
Professor Hodges, nevertheless, in analysing another sample of this ground ligneous 
matter, gave quite a diflerent result, his estimate of the nutritive constituents being 
as follows: — nitrogenised flesh-forming matters, 3*23 per cent ; oil and fatty matters, 
2*91 ; gum and soluble matters, 14*66; and he compart this with the average results 
of seven analyses of oil cake, giving nitrogenised matters, 28*47 ; fatty matters, 
12*90 ; gum and other soluble matters, 39*01. 

The third portion separated by the scutching process is termed scutching^tow^** m 
Ireland; in Russia and Prussia,“co<fiV&i;*’ in France and Belgium, “ etouppede teillage,** 
described above. These branches of the trade consume annually many thousand tons, 
imported chiefly into Scotland, from Russia and Prussia. In France, Belgium, and Hol- 
land, the codilla or scutching tow is chiefly retained by the growers or factors at home, 
for a domestic manufacture of similar goods, and of coarse blouses and trowsers. It has 
also been employed for conversion, by Claossen’s process, into a finely divided mass of 
fibres, capable of being mixed with wool and spun along with it into yarn, the fabric 
made from this yam being chiefly hose. 

Before procee^g to treat of the processes to which flax fibre is subjected subse- 
quent to scutching, it may be well to glance at tbe uses to which the seed is applied. 
This valuable product of the plant famishes two articles of much utility, and of very 
extensive use, — the oil and the cake. When tbe seed has been separated, dried and 
threshed out, it is either sold again for sowing or for conversion into cake and oil. 
Of course the former purpose only consumes a small proportion of the seed produced 
throughout the world, and in many countries it is not of a quality suitable to the chief 
flax -growing localities. Thus, while northern Russia, Germany, the Low Countries, 
and France either export seedfor sowings or consume their own produge to a considerable 
extent for this purpose ; the southern provinces of Russia, the states along the Medi- 
terranean, Egypt, Turkey, Greece, and the East Indies, while large exporters of seed 
for crushing, cannot sell any for sowing. The supply of the seed crashers of the 
United Kingdom is more largely obtained from Russia and Hindoostan than from any 
other countries. The entire annual import of seed into the British Islands averages 
600,000 to 800,000 quarters, value between a million and a half and two millions 
sterling. The conversion of flax seed into oil and cake is carried out by different 
methods. In France, Belgium, Holland, and the north of Europe generally, where 
a large quantity is crushed, the apparatus employed is very simple and yet very effec- 
tive. Lille, in France, Oourtrai and Ghent, in Belgium, Neuss, in Bwsia, and the 
province of Holstein are the great seats of this manufacture. See Linseed. 

The seed is pounded in a kind of wooden mortars, cut out of solid timber, «and at 
tbe bottom lined with -thick copper. By means of a revolving shaft, famished 
with projecting notches of wood, beams oak 20 feet high, tbe ends shod with 
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channelled iron, are alternately raised up and let fall into the mortars, where, in a 
short time, they convert the se^ into a pulpy mass. When sufficiently pounded, this 
is then removed and put into woollen bags, which are then wrapped up in a leathern 
case lined with a hard twisted web of horse-hair, covering both sides and ends, but 
open at the edges. These are then ready to be pressed, and for this purpose are 
packed perpendicularly in an iron receptacle, narrow at the bottom, and widening 
towards the top. Packings of metal are then put in, and in the centre of the bags is 
inserted a beech wedge. A beam similar to that employed in pounding the seed is 
then set in motion, and at each descending stroke it drives the wedge in tighter, thus 
squeezing the bags of seed against the iron sides of the press. When the wedge has 
been driven home, another Is introduced and battered by the beam, until it will drive 
no farther. At the bottom of the press are holes through which the oil thus pressed 
out of the seed runs into a receptacle beneath. In order to loosen the wedges and 
admit of the bags being removed from the press, a wedge of a different form, wide at 
bottom and narrow at top, and already a fixture in the press, but raised up and fastened 
by a rope during the driving of the other wedges, is released from the rope, and another 
beam drives it home, thus partially starting the differently constructed wedges and 
loosening th^ mass. The bags with the pressed seed are then taken out, and the 
latter, having lost the greater part of its oil while subjected to so considerable a 
pressure is found in a thin hardish cake, taking the form of the leathern case, and off 
it the woollen bag is readily stripped by the workman’s hands. The oil obtained by 
this process is the purest and most limpid; but another process has to be performed 
before the seed yields all that the pressure is capable of extracting from it. The 
cakes, therefore, when taken out of the bags, are broken up and put into the mortar, 
where the same pounding operation takes place. When again brought into a com- 
minuted state, the powder is put into a circular iron pan or kettle, under which is a 
fire, and slowly roasted in it, being kept from burning by means of an iron arm which 
is moved round inside by the machinery, constantly turning the ground seed. When 
sufficiently warmed by this operation, during which it is made to part more freely 
with the oil, the mass is again filled in bags and pressed as before, after which they 
are finally, the bags being stripped off, pared at the edges, put in a rack to dry, and 
stored for sale. The oil thus obtained is darker in colour than that by the cold 
process, and contains more mucilaginous matter. Many foreign oil-millers, however, 
only employ the hot plan, believing tbat they have thus a larger yield than when the 
cold pressure is first used. See Linseed Oil. 

In England, the cold pressure is little, if at all, practised, the seed being almost in- 
variably warmed before pressure. The system of crushing, formerly universal here, 
had some resemblance to the Flemish method above detailed, the chief difference 
being in the mode of preparing the seed, prior to its being put in the press. The 
first process is to pass slowly from a hopper, the whole seeds into a pair of smooth 
or fiuted metal rollers, which, in turning on each other, crack the seeds. Heavy 
edged stones then grind them into a meal, a little water being added during the opera- 
tion, which facilitates the comminution of the seed. The meal is then put in the 
kettle before described, and while heated and stirred in it, the water mixed with 
it is evaporated. It is then bagged and put in the press, where the stampers, falling 
on the wedges, effect the desired results. The most recent improvement m the mode 
of pressure, and one now largely adopted, is the hydraulic press, and it is generally 
considered that a larger yield of oil can be obtained by its use than by the wedge and 
stamper-b^m method. Blundell’s (of Hull) patent is that roost generally employed, 
and Messrs. Samuelson of that place are distinguished as makers of it, having intro- 
duced thepaselves some modifications and improvements. The oil obtained from flax- 
seeds or linseed, as it is generally termed, is of very extensive use in the arts, and is 
the chief vehicle for painti To suit it for this purpose, and to make it dry quickly, 
it is mostly Iwiled in an iron pan, and daring the operation a quantity of lithargp is 
dissolved in it The cake is a very favourite article with stock-feeders, being com- 
bined, as containing much nutriment in small bulk, with roots or other vegetable 
food, having large bulk with small nutriment So extensively is it consumed in 
Great Britain, that besides the very large quantity, made from imported seed, fully 
80,000 tons of foreign cake are annually imported. On the continent inferior qualities 
of cake are ground to a coarse power, and either applied to the soil as a top- 
dressing, or steeped in a liquid manure, and the mass spread out on the land in 
that state. 

. Scutched fibre appears in the market made up in different ways. Russian is 
in mrge bales or bundles ; Dutch and Flemish in bales weighing 2 ewL, the fibre being 
tied in ‘‘ heads,” each of which is about as much as the hand will grasp. Irish is 
made up in bundl^ termed “stones,” the weight of which is either 16j lbs. or 24j lbs. 
In this state it is piled in the stor^ of the spinner, care being taken that it be idaced 
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on a ground-floor, flagged or tiled, and not in a boarded loft, as the hnmid atmosphere 
of the former is conducive to the preservation of the suppleness and “ spinning 
quality ” of the fibre, Tvhereas it deteriorates considerably when exposed to a drier 
air. 

The first operation which it undergoes in the spinning factorj' is hackling. 

This process is required to comb and straighten the fibres, to get rid of any knots, 
and to lessen and equalise the size of the filaments. The action of the hackles neces- 
sarily divides the scutched flax into two portions, the long, straight ones, which re- 
main after the flax has passed through the operation, being termed “ line,” and the 
woolly or cottony looking mass which remains, being designated “ tow.” Both of 
these are spun, but the line produces the finer and better qualities of yarn, and is con- 
sequently much more valuable than the tow. The great object, therefore, is to obtain 
the largest possible quantity of the former from a given weight of scutched flax, and 
the yield of line varies considerably according to the nature of the season. Spinners, 
therefore, are anxious as each new crop of flax is brought to a marketable state,, to 
test the yield of line, so as to guide them in their purchases. They are thus enabled 
to ascertain more clearly the suitability of the samples for “ warp ” or “ weft” yarns, 
and for thread-twisting. Warp-yarns being those which constitute the long threads 
of a linen fabric, require to be harder and stronger than weft-yams, which form the 
cross or short threads. 


The yield of line, as well as the general economy of the operation, is, of course, 
greatly dependent on the nature of the hackling-machine employed, and great scope for 
care and ingenuity is thus given to the machine makers. A great number of hack- 
ling 'machines have, from time to time, been brought out, employed in the factories, 
and subsequently abandoned, when others, having greater merit, have been in- 
vented. 

In the early period of the linen manufacture, when spinning was done exclusively 
by hand, no hackling-machines were employed. The process was exclusively eft'ected 
by hand-backles. Even after the introduction of raachine*spinning, they were, fora 
long period, the sole means of hackling. Of late years, the machine has been more 
and more brought into use, and although hand-hackling still exists to a considerable 
extent, the other method is by far the more extensively employed. 

For hand-hackling, the tools used consist of a surface studded more or less thickly 
with metal points, c^ed hackle-teeth, through which teeth the flax is drawn by the 
operator. 

The hackles ordinarily used for band-hackling in this country are in the form of 
rectangular parallelograms, presenting a line of 7 inches towards the worker, and 4 to 
5 inches deep. The first tool employed is called the “ ruffer,” the pins of which are 
about inch square at their base, and 7 inches long, and brought to a fiuc point ; the 
second is the “ common 8,” which is always used after the “ ruffer ; ” then the “ fine 
8,” the “ 10,” the “ 12,” the “ 18,” The pins of all these tools are similarly placed to 
those of the ruffer, but are somewhat shorter in length, and are more lender as the 
tools increase in fineness. In all these tools the pins are held in wooden stocks of 
about f inch in thickness and covered with sheet tin. This sheet tin, through which 
the pius are driven, helps to support them and prevent the wood from splitting. 
These tin covered stocks are only of a size necessary for the extent of pins em- 


ployed, and are them- 
selves screwed to other 
larger pieces of board, a 
little broader and some 
inches longer than them- 
selves, and by which they 
are ultimately fixed to 
the Jiackler’s bench, in- 
clining somewhat back- 
ward with their points 
from the worker, and a 
sloping board behind to 
prevent the fiax entering 
too much in the pins, 
thus: 

Fig. 806, end view of 
a hackle ; Jig. 807, front 
view of hackle ; Jig^ 808, 



hackle, &c., fixed up for 

wm’king. a pins ; b tin covered stock ; c foundation board ; d beam table or 
bench ; e back board *, / table to receive the tow, &c. ; o hand of workman. Such is 
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the form of hackle used in England, and also the manner they are, of whatever dc* 
scription, fixed for work. 

The operation of manual hackling is simple in principle, although it requires much 
experience to acquire dexterity. 

The workman haying first divided the flax into handfuls or stricks, of which there 
are 300 to 400 to the cwt., proceeds to grasp one as flatly spread as possible between 
his forefinger and thumb, by about its middle, and wind the top end round his hand in 
order the better to prevent the slipping of the fibres ; he then begins by a circular 
swing of his arm to lash the root end into the hackle, taking care to commence as 
near the extremity as possible, now and then collecting the fibres by holding his left 
hand in front of the tool, turning the strick from time to time. He thus gradually works 
up as near as possible to his right hand, when he seizes the rufied part of the strick 
and holds it in the same manner as at first, and proceeds by a similar treatment to 
“ruff’* the top end; when this is finished the “ ruffed ” work is taken to the tool 
called a “ common 8,” the pins of which are much closer placed than those of the 
ruffer, and are only four or five inches long. This “ 8 *’ is always used after the 
ruffer, hut from it the work can be taken to any of the finer tools, viz. 8, 10, 12, and 
sometimes 18. It is usual and better to dress both ends over each tool before taking 
the work to the next. The pins of all these tools are 4 inches long, in order, as was 
supposed, to have sufficient spring. The flax is not lasbed into them as into the 
ratters, neither are the ends required to he wound round the hand. But the root end 
of the flax is always the one to be first worked, and the hackling begun at nearly the 
extremity of the stick, which on being drawn through the hackle is received by the 
left hand of the workman, and by it carried hack and laid upon the back board and 
over the point of the pins, for the angle of inclination of the hackles and a slight 
lowering of the right hand causes it to enter sufficiently on being drawn forward. As 
it is impossible to ruff or dress entirely up to the hand, when the hold is changed in 
either operation, there must of necessity left a certain space to be repassed through 
the tools ; this is called the “ shift,” but the less length that is requir^ for this pur- 
pose the better for the yield of line. The numerous long fibres that slip from the 
strick in raffing must collected aod drawn from the mass of tow attached to them, 
when they can be relaid in the strick, or kept to be dressed separately under the 
name of “ shorts,” and from time to time the short fibres or tow slicking to the teeth 
of the finer tools are removed. 'Whenever one-half of the length of the strake of 
flax is hackled, it is turned round to hackle the other half. This process repeated 
upon each hackle. From 100 pounds of well-cleaned flax, about 45 or 50 pounds 
of hackled line may be obtained by the hand labour of 12 hours; the rest being 
to jf, with a small waste in woody particles of dust. The process is continued, till by 
careful baudiing little more tow is formed. 

To aid the hackle in splitting the filaments, three methods have been had recourse 
to; beating, brushing, and boiling with soap- water, or an alkaline lye. 

Beating flax either after it is completely hackled, or between the first and second 
hackling, is practised in Bohemia and Silesia. Each hackled tress of flax is. folded 
in the middle, twisted once round, its ends being wound about with flaxen threads; 
and this head, as it is called, is then beaten by a wooden mallet upon a block and 
repeatedly tamed round till it has become hot. It is next loosened out, and rubbed 
well between the hands. The brushing is no less a very proper operation for part- 
iug the flax into fine filaments, softening and strengthening it without risk of tearing 
the fibres. This process requires in tools, merely a stiff brush made of swines’ 
bristles, and a smooth board, 3 feet long and 1 foot broad, in which a wooden pin 
is made fast. The end of the flax is twisted two or three times round this pin to 
hold it, and then brushed through its whole length. Well hackled flax suffers no 
loss in this operation ; nnhackled, only a little tow ; which is of no consequence, as 
the waste is thereby diminished in the following process. A cylindrical bmsh turned 
by machinery might be employed here to advantage. These have been trie^ in 
establishments for machine spinning, hut not found advantageous. 

The object of all hackling being to produce a good yield of line with tow of good 
quality, that is to say, free from broken, unspUt fibres, lumps, and knots ; the care and 
attention necessary to do this, with the expense and uncertain result of the individual 
skill of workmen, urged manufacturers to attempt the establishment of machines for 
effecting the process. Therefore many contrivances were invented with this view, 
but it was long doubted whether any of them made such good work, with so little loss, 
as hand laboqj^ In hackling by the hand it was supposed that the operator would 
feel at once the degree of resistance, and be able to accommodate the traction to it, or 
throw the flax more or less deeply among the teeth, according to circumstances, and 
draw it with suitable force and velocity. For a considerable period these ideas, or 
rather prejudices, as they may now be called, seemed to be confirmed; for the earlier 
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attempts to supersede hand hackling, like those in many other undertakings, though 
partially favourable, were, on the whole, rather discouraging. In attaining one point 
desired another was lost, for too much still depended on the care and attention, if not 
on the actual skill, of the persons attending the machines. 

It will be desirable, therefore, to give particulars respecting some of thc«e which 
have been from time to time invented, although they are not now in use, as a lesson for 
preventing the repetition of things already known, as well as to illustrate the steps suc- 
cessively taken. The first machine invented, or, at least, published, was called the 
“ Peter,” and was intended to illustrate, as clearly as possible, the movements of the 
hand hackler. The flax was first divided into small convenient portions or handfuls, 
about 4 oz. each, called ** stricks,” which, before being taken to the machine, were 
slightly straightened and dressed over the ordinary hand “rougher.” Each of these 
was then placed between a pair of short iron bars, called a“ holder,” one of which had 
an indentation in the middle, and the other a corresponding projection. Thus, when 
tightened together by screws 4^ inches apart (such length being equal to a man’s 
grasp), the strick of flax was firmly held while exposed to the action of the hackles. 
The holder was then suspended from movable levers over a truncated rectangular 
cylinder, upon the angles of ^hich were fixed, at a certain angle, hackles similar to 
those used in the manual operation. The levers supporting the holders received from 
a crank a short up and down motion, so timed in their oscillations as to strike the 
holder nearly against the points of the pins at the time they were passing under, 
coming thus as nearly as possible to the effect of a man striking in and drawing through 
the hackles, except that the flax remained nearly stationary, and the hackle was drawn 
through it by the rotation of the cylinder, whereas in the hand process the hackle 
was stationary, and the flax drawn through it by the operator. Each machine carried 
two holders. The tow made and collected from the holders was seized and taken off 
by boys stationed for that purpose, while another, at the ringing of a bell, took ont 
and changed the sides of the stricks to be presented to the action of the hackles, and 
subsequently withdrew them from the first machine to another similar but with finer 
hackles, and thus continued until the rootend — always the firstoperated on — wasdressed 
to the desired degree of fineness, when they would be taken to a table where another 
set of boys, previously to removing the first holder, put on a second to the already 
hackled part, leaving about 2^ to 3 inches to be re-backled. This operation is termed 
** shifting,” and the space left, “ the shift it is thus performed and remains so called at 
the present day, the only change being that in the bolder now in use one screw is used 
for two stricks instead of two screws for one strick. 

Fig. 809 will more clearly show the construction of this machine, a, square trun- 
cated cylinder carrying the hackles; b, oscillating arm or lever for supporting the 
holder; cc c, fi'aming; d, crank and shaft; s, connecting rod from crank to osciUwng 
arm ; 7 f f F, hackles ; o g c o, back board ; h, holder. The first motion was given 
by pulleys on the shaft n, which revolved 4 times to 1 of the hackle cylinder, by the in- 
tervention of suitable wheels. The worm and wheels for the bell motion were at- 
tached in the usual manner to the shaft of the cylinder. 

Machines of this construction continued in rather limited use without any change or 
competition till about the year 1825, when a patent was taken for a machine known 
as the pendulum machine. The flax in the 
holder being suspended and swung back- 
wards and forwards while the hackle re* 
mained fixed, the flax was thus hackled, 
stroke for stroke, on each of its sides. The 
boys, as in the last described, snatching off 
the tow as it was formed, and at certain 
times, that is at each rise of the pendulum, 
for [t had a rising and falling motion to imi- 
tate the hand workers in commencing at the 
extreme end of the flax, passing the holder 
from one recess to another of the pendulous 
table, so as to arrive at the progressively 
finer tools when ranged along the machine ; 
but sometimes the different tools were fixed 
upon the angles of a square cylinder that 
presented a finer range, the whole length of 
the machine, by turning up a new angle at 
each rise of the pendulum, when the labour 
of the hoys was simply to put in the tow 
and take out from it the flax. The adjoining diagram (Jig. 810), without entCTiag 
Vox. II. R 
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on any details of a machine that was so little used, wiU make the theory of its 
action quite clear 

SIO A, hackle bench sometimes re« 



volving so as to present different 
degrees of hackles at its various 
angles, sometimes stationary with 
the gradations of hackles upon its 
length ; n b, pendulum arms ; 
c c, equal wheels working into 
each other ; d d, crank arms j 
B, radial slide-bars to preserve 
the holder table vertical ; h, 
holder table ; f F f f, hackles ; 
o o, back boards ; i i, direction 
in which the holders swing; there 
were the same wheels, &c., at 
each end of the machine, and 
th^ holder table H reached from 
one to the other. The wheels, 
c c, with all attached to them, 
were made to rise and lover 
upon the hackles, and the back- 
hoards G to rise when the hackle 
bench turned. 

About tlie same time another 
patent was taken out for a ma- 
chine, where the holders were 
suspended above one end of a 
travelling sheet of hackles. This 


machine also required hand labour to turn and transfer the stricks, though the tow 
was causedHo fall clear from the hackles by mechanical means. The following 
sketch 811) shows the principle upon which this machine works, and though 
never much employed at the time of its appearance, has subsequently served as a 
foundation for those that are now in the zenith of their prosperity. 

A A ( fig. 8 U ), sheet of hackles ; B, support for holders ; c c, carrier pulleys for the 
sheet of hackles. Fig. 8 1 2, a larger view of the hackle bar G g, in order better to show 
the taller d d n, in the staples or grooves e e, and fig. 813, at the end of the hackle-bar 
c G ; F p, pins of the hackles, between tbe rows of which the falier d D n acts to push 
the tow off the pins. There is a clearing falier d to each hackle, which is kept to 
the bottom of the hackles at that part of their course where they are in contact with 
the flax, but at the turn f d fly beyond the points, as shown by the effect of the cen- 
trifugal force. 

All these machines, possessing great similarity of features in regard to the 
personal attention required, never came into such general operation as to supersede 
entirely band-dressing, either from their own defects or prejudices against their 
employment. About the year 1830, in consequence of the new mode of spin- 
ning being carried on 
with considerable energy, 
it was found advantageous 
to cut the flax into 2, 3, or 
more lengths previously to 
hackling, which rendered 
it necessary to have ma- 
chines peculiarly adapted 
for this new short descrip- 
tion of material. This ma- 
chine, known as the ex- 
centric or circular ma- 
chine, deserves consider- 




ginal form it was made of a breadth suitable for 


813 able attention for its own 


£ inherent merits, and the 
extensive utility it has 
1 P^'oved to be of in suggest- 
ing the principal parts of 
t those by which it has been 
supplanted. In its ori- 
only one strick, and consisted of a 
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cylinder 3 ft. diameter, upon the whole circumference of which at intervals of 3 or 4 
inches were fixed the hackles. As each machine could only carry one description of 
hackle, it was necessary to employ a series of these machines, called a class,” when 
the flax required to be dressed over a succession of finer tools, each succeeding machine 
carrying a finer tool than its predecessor. The hackles were cleared of tow by coming 
in contact at one part of their revolution with a brush roller, which also revolved in 
contact with a cylinder covered with card clothihg, the points of the pins being in such 
a direction as to clear the brush from tow, and allow itself to be in its turn cleared by 
the oscillations of a comb, whence by rollers the tow was brought into a sliver. In 
order to preserve the continuity in the supply of tow, and maintain the regularity of 
the sliver produced by it, the holders with the flax were presented to the hackle 
cylinder in a manner peculiar to this machine, and in endless succession by means of 
certain circular carriers placed at each end of the hackle cylinder, but excentric thereto, 
and at such a distance apart as each should bear one end of the holder as it ex- 
tended across the cylinder parallel to its axis. Thus, the holders introduced at that 
part of the circumference of these carriers furthest from the hackles were carried for- 
ward, while the flax was in operation, till they were brought almost into contact with 
the points of the pins, when, by the intervention of a slide, they were withdrawn from 
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the machine, hnt with one side only of the flax dressed, and that but on one tool; there- 
fore the holder required replacing in the same machine, in order that the second side 
of the strick should he dressed as was the first. The holders then required to he 
carried by band to each succeeding machine of the class. 

The preceding figure (814) shows the leading features of these machines ; a a, 
hackle cylinder ; b b, excentric wheel to carry holders in its recesses A, A, h, A, h \ c, 
si de upon which the holders were laid so as to fall into the recesses h h of wheel 
B ; D, slide for taking out holders ; e, brush cylinders with brushes ; g, cylinder covered 
with card clothing ; n, holder come out ; i, doffing comK The space of the holder 
carrying wheel was filled with holders, and so maintained in endless succession, and 
thus each served in some measure to keep the end of its preceding one down into the 
hackles. 

Aront 1833, a machine was patented consisting of two parallel cylinders, over which ^ 
the flax was carried, revolving in its progress so as to present the alternate sides of 
the strick to the hackles, the progressively finer tools being ranged along these 
cylinders, so that having passed the length of one cylinder one end was completely 
finished. When the holder was taken out, “ shifted,” and replaced, it was carried 
hack along the second cylinder, and thus returned to where it commenced, finished. 
This machine, however, never was carried further than the experimental one for the 
patent. 

Another machine (Wordsworth’s) the same year made its appearand, and which 
for some time enjoyed much celebrity. It consisted of two parallel vertical sheets 
of hackles running together, and so geared that the ha^jkles of one intersected the 
interstices of the other. The flax snspeoded in its hblder ftom a species of trough 
passed between these two sheets, and was thus hackled simultaneously oa each side in 

a 2 
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its coarse througli the progressively finer hackles from one end of the machine to the 
other. 

A A (815), hackle sheets j b b, holder trough or slide ; c c c c, pulleys for carrying 
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the hackle sheets ; n D, brush rollers ; e b, rollers covered with card clothing to clear 
the brashes ; r r, dotfer combs ; G o G g, hackles ; H, holder; 1 1, brashes. 

It is unnecessary to notice more at length the different machines brought out, em- 
ployed for a time, and then rejected. Although the hackling and spinning of flax, in 
the full length as it grows, was what was first practised by hand, the first really suc- 
cessful machine for hackling was what was known as the “ circular machine ” for 
hackling “ cut line ,” as it is called, or the long flax fibre broken into several lengths. 
It had always been known that the top and root ends of the fibre were of very infe- 
rior quality to the middle, and of coarse when all was spun in one length the yam 
produced was inferior to what the middles could be spun to, while superior to what 
the tops and roots would produce. It therefore occurred that in the general qualities 
of flax the division of the fibre, so as to separate the diflerent portions named, would 
be advantageous to the spinner. The operation of cutting was performed by a simple 
machine consisting of a pair of jaws, so constructed that when the flax is introduced 
between them the different parts, instead of being clearly cut off, are, so to speak, 
bitten off, leaving ragged ends. This is desirable in order that the ragged ends might 
interlace in the spreading prior to going through the preparing machines, which pre- 
cede the spinning operation. The machine for hackling cut line was broughb ont 
about thirty years since, and undenvent, before it was finally set aside, a considerable 
number of modifications for the purpose of economising the labour in working it. 
About the same time the “ flat machine ” was introduced, which was more particularly 
intended for hackling long flax. The nature of the operation of these machines was 
the same, flie flax being acted on by different series of hackles fixed in the circum- 
ference of a cylinder in the one machine, and on an endless sheet in the other. The 
curvature of tie cylinder was no objection in hackling cut flax, but for acting on long 
fibres it was necessary to put the hackles on a sheet, for the purpose of getting suflS- 
cient lengthfhf flat surface. The most successful machines, and which displaced 
all previous ones, have been modifications of these of different kinds, some of them 
being simply contrivances for saving manual labour, and giving certainty to the action, 
and others combining other improvements with this object. Carmichael’s patent ma- 
chine 816, 817) was, as brought out at first, simply the old flat machine with self- 
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acting motions for actuating the holders applied to it. It was afterwards much im* 
proved by the adoption of an inclined sheet in imitation of a very successful self-act- 
ting modification of the old flat m^hme which was brought out by Combe, of Bel- 
fast, whose machine, at this time, is considered by many to be the best one in use 
for long line. 

The distinguishing feature in these rival machines is, that in CaTmichael’s the 
motions are ^1 performed by the descent of ponderous weights, while in the other 
they are performed by the direct action of the machine. 

There are other differences affecting the working of the machines, which are by 
practiced hacklers considered of great importance, and as giving more value to Combe’s 
machine. The most important of these is the facility of adjusting the place where 
the holders approach the flax, which greatly affects the yield of line. 

The same principles of actuating the holders were applied to cylinder machines for 
hackling cut flax, but as these have been displaced by more recent inventions, it is 
not necessary further to refer to them. Wordsworth’s machine, already figured (8 1 5), 
was of importance, as being the basis of several other valuable machine Its essential 
feature was arranging the hackles on two sets of endless sheets placed opposite each 
other, and driven and connected by wheel- work so as to revolve together, the surfaces 
being placed so close together, that the hackle pins penetrated the flax from both 



sides, and hackled at the same time. The large circle described by the points of the 
hackles in this machine, which prevented them cutting the flax close to the holders, 
and other imperfections, led to its abandonment About sixteen years since. Combe, 
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of Belfast, designed for the eminent fiax-spinning firm of Marshall and Co., of liCeds, 
a modification of this machine, ^hich since has been known as Ardill and Pickard’s 
machine, and has come into extensiTeuse. The,|>rincipal new feature in this machine 
was the introduction of cranked wheels for supporting and carrying the hackles, for 
the purpose of making the points of the hackles describe a small circle, and thus enable 
them to cut close to the holders. Although successful, this invention did not fully 
accomplish the object aimed at. About the same time, Marsden’s intersecting 
machine wjw brought forward, and possessed a great reputation for a length of time. 
Its success was a good deal owing to the flax hackled by it having an apparent fine- 
ness, but this was not found to 1^ of practical value, as the spinning quality was not 
improved thereby. For this reason it has gone greatly out of use. 

The next machine which came into extensive use was Combe’s reversing cylinders, 
Jig. 818. These machines are constructed in a great variety of forms for different kinds 
of work, and seem to give very good results. They are simple in their construction, 
and give little trouble, acting lightly on the flax and making very wiry fibres. They 
are made of all sizes, from 12 to 30 inches in diameter, and with 4, 6, or 8 gradu- 
ations of hackles, according to the kind of W'ork to be done on them. The flax is 
hackled on each side, or each graduation of hackles, by reversing the direction of the 
rotation of cylinders. The tow, or short fibre, is thrown off the hackles by stripper 
rods, placed between the rows of pins. 

The next machine to be named is by the same inventor, and is styled the patent 
reversing sheet hackling machine. It is for long line, on the same principle as that 
just described, except that it has the hackles fixed on flat sheets, as in the “ old flat” 
machine. It is simple and complete ; easily driven and attended, and a considerable 
number are now in use. From the hackles being on a flat sheet, it is necessary to 
make the holders descend, first on one side while the sheets are moving in one direc- 
tion, and then on the other while they are moving the other way. This is done by 
supporting the channels which carry the holders on four levers fixed on two oscillating 
shafts, to which motion is communicated by a shaft. The holders arc slid through by 
a lever on the top, which acts on a sliding bar, by means of a ball, which forms a 
universal joint and actuates the holders, whatever position the channels are in. The 
drawing here given, 819, will show the mechanism. 

Both the machines last described are made double, or in fact, the construction of 
each is that of two machines In one. The table for filling and changing the flax in 
the holders is attached to the machine. One side hackles one end of the flax, and 
the other side the other end. 

We now have to describe a machine for hackling cut line, patented by Mr. Lowry, 
of Manchester, and now extensively in use at home and on the continent. It is 
virtually a modification of Wordsworth’s machine, already described. 

Fig. 820 is a side elevation of a sheet hackling machine to which these improve- 
ments are applied ; Jig. 821 is an end elevation of the same \ Jig. 822 is a front view ; 
and Jig. 823 an end view of one of I^owry’s improved hackle bars. In Jigs. 820 and 821, 
a a represent the belts, sheets, or chains to which the hackle bars b are attached. 
These belts, sheets, or chains pass around the small drums c c, and larger drums 
d d, which are turned rodhd by the gearing, shown in the drawing, or by any other 
suitable arrangement of gearing. The hackle bars 6, are made with a recess to 
receive the stock of the hackles e. 

The hackle bars b are connected to the belts, sheets, or chains a, a, by means of 
rivets or screws, passing through the flanges b, and through the belts, sheets, or 
chains a j and at each end of each hackle bar is a stud or guide pin 6-, which, when 
the hackles arrive near the small drums c, c, take into the groove in the guide plates. 
The object of these guide plates is to support the hackle bars in passing over the 
small rollers c, and during the operation of striking into the strick of flax or other 
fibrous material to be operated upon. The holders with the stricks depending from 
them, are placed within the rails t, i, and these rails are made to rise and fall and the 
holders are made to pass from one end of the machine to the other, in tbte usnal 
manner. When the machine is at work the drums c and d revolve in the direction 
of the arrows in Jig. 821, and the hackle bars being attached to the belts, sheets or 
chains a, and supported by the guide plates, cause the hackles to enter the stricks of 
fibrous material at or nearly at right angles to the fibres thereof, and to retain that 
position at the commencement of their downward motion ; whereby as the belts, 
sheets, or chains continue to descend, the hackles are drawn through the fibrous 
material for the purpose of removing the short fibres and extraneous matter. Another 
great advantage resulting from this improved mode of attaching the hackle bars b to 
the belts, sheets, or chains a, is, that the hackles can he made to enter the fibrous 
material at a point closer to the holder than in any of the sheet machioes now in use. 
When the hackles are passing round the drums d d, they are cleansed by the 

B 4 
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TeTolving brashes J j, which deposit the material removed from the hackles on to 
the card drums k, k. These drums are cleansed or doffed by the combs 1 1, or in any 
other convenient manner. 


a 

CO 


i; extent, and well liked for dressing half 

line and foil length flax. For this purpose the sheets require to be made six inches 
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longer from centre to centre, and the or trough to lift 3 inches higher, and the 
top rollers to approach and recede from each other simultaneously with the rising 
and falling of the head. 

820 



ilJombe, of Belfast, has recently produced another edition of Wordsworth's machine. 
Its noTei feature consists in dispensing with bars altogetb^, in carrying the hackles 
and in fixing them directly on the leather sheets. By this means a very true action 
is obtained, and the working parts are so light, that the machine bears any speed 
with scarcely any wear and tear. In this invention there is also combined convenient 
modes of regulating the lift and severity of the cutters to suit different kinds of flax, 
and the holders are carried through the machine by a separate apparatus for that 
purpose, while they are at their highest elevation, instead of during the whole proccM 
of lifting, as had always been the case in other machines. 

^ The cutting of flax already referred to, is effected by a machine'^onsisting of a 

species of circular saw about 20 in. in diameter ; hut, instead of a single blade, H is 
constructed of 3 or 4 plates of steel, each about i in. thick, and having angular pro- 
jections from their circumference. This revolves at a considerable velocity, whfle 
the flax, firmly grasped in each hand by its ends, is still further held and slowly 
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carried against the saw by two pair of grooved pulleys pressed together by a consider- 
able weight It is thus partly sawn and partly broken through. Flax may be cut 
into 2, 3, and sometimes 4 divisions : and sometimes the dead harsh fibres that are 
frequently found at each of its ends only are cut off and used as tow ; but more 
generally the different portions are hackled and used for the purposes they are sorted 
for. 

Description of flax cutting machine {figs, 824, 825). A a, framing ; B, the grooved 
824 825 



pulleys for holding and carrying the flax ; c c, the drivi^ pulley ; n, saw or cutter ; 
E, F, wheels for gearing together the pair of holding pnl^s j a, h, i, k, pinions and 
wheels for producing Ae proper reiathe speeds between the cutter and pulleys; l, 
weight, which by levers m and n, causes the pressure of the holding pulleys. 

Preparing .^ — By this terra is understgpd those preliminary operations through 
which both line and tow must pass after the hackling and before the spinning pro- 
cess. 

The mechanism and modes of proceeding for this purpose which consist of repeated 
drawings, are similar for “long” line or “cut ; ” though the dimensions and fineness of 
the machinery most be made suitable for their various lengths and qualities. But in 
the preparation of tow a peculiar additional operation is demanded, as a consequence 
of the different state of the fibres of which the material is composed ; this operation, 
termed “ carding,’ has for object to bring the highly irregular and entangled mass 
into a somewhat more homogeneous and uniform state, previously to its being after- 
wards drawn and equalised in a manner similar to line. 

In the preparation of line the first operation is called “ spreading,” or first drawing ; 
the machine employed a “spreader;” those subsequently are the second and 
third ‘ drawings (sometimes a fourth is used), and lastly the “ roving.” It is upon 
the spreader that the separate stricks of line are first combined and drawn into long 
uniform bands or ribbons, called “slivers,” of determinate lengths. This is effected 
by subdividing the stricks into two or three portions, and then placing them con- 
secutively, slightly elongated, and overlaying each other about fths of their length 
upon and in the direction of an endless creeping sheet or apron. The machines are 
jKnerally made with two of these creeping sheets or aprons, and upon each sheet are 
thus laid two distinct lines of stricks ; each of which forms a thick uniform body of 
hne, and capable of being maintained to an indefinite length. These endless creeping 
sheets supply continuously another part of the machine, where the body of “ line ” is 
drawn out to between 20 and 60 times its original length, according to whether it ic 
composed of cut or long flax. This part of the machine comprises a pair of holding 
or back roller^ an endless succession of bars called fallers, bearing combs of closely 
ranged steel pins, through which the slivers are drawn; a pair of drawing rollers ; an 
arrangement of diagonal or doubling bars; and a pair of delivering rollers. Is 
generd y teraed the “ giU frame,” or “ gill head,” probably from the French word 

aiguilles (needles), as descriptive of the coml^, and to distinguish this numhine from 
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those formerly used for the same purpose, -which simply consisted of a series of 
rollers, under and over which the line was passed. 

The following figures. 826, 827, show the outline of the present most approved gill 
spreader or first drawing. 

826 



A A, general frame of the machine; b, driving pulleys; c, auxiliary frame for end- 
less sheets ; d D D D, rollers for carrying the endless sheets or aprons ; E B, con- 



ductors to guide and slightly condense the four bodies or slivers of line ; F, can for 
receiving the sliver ; a, lever for weight on front or drawing roller ; H, lever for 
weight on back roller ; E, delivering roller shaft, spring, and bell, which, by the inter- 
vention of gearing between it and the front roller, is caused to ring when any desired 
length of sliver is delivered. 

a a, the iron drawing roller or boss ; 4 6 6, the wooden or pressing roller, by the 
pressure of which upon a a the sliver is held during the greater velocity of these rollers 
over that of c . ; the holding or back rollers elongate in exact propwtion of its ang- 





tamed in a ^ctangalar direction and guided to the delivering rollers h h ; this direc- 
tion of the sliver is more distinctly seen 833; t, hanger or connector of pressing 

roller b to its weight lever c ; / /, the screws or worm shaft for carrying the gill bar 
d d] mm, the shaft with bevel wheels by which the screws at opposite sides of the 
frame are caused to move simultaneously; n n, pinions for connecting the upper and 
lower spirals of each pair; oo, the cams or excentrics for lowering and raising the gill 
bars ; p jp, weighted guide lever or bell cranks for guiding the faller in its descent, and 
moderating^e shock caused by its weight when coming in contact with the lower 
slide or support ; q and r, worm and wheel for bell motion ; s, t, «, u, w, x, line of 
wheels from pa^ey to front roller and from front roller to hack ; 1, 2, 3, line of gear- 
ing from back roller to sheet ; 4, 5, 6, 7, line of gearing from roller to delivering 
roller ; 8, fr<^ roller to brush ; y y, from back shaft to back roller. 

The machines for the second, third, and fourth drawings, though in principle 
essenti^y the same, yet differ in some of their minor details from the foregoing, as 





FLAX. 


253 


they do not require the feeding sheet to supply them, the “ sliver,” from the spreader 
having sufficient coherence as to allow itself to be drawn from die cans direct hy the 
back rollers of these machines; neither is a he4 motion requisite to determine the 
length of slivers produced hy them. The suhjoinefl sketches show the general parts 
requisite {figs. 832, 833). 



A A {figs. 832, 833), framing ; B, driving pulley ; c, support of sliver carrier ; d, 
roller for carrying sliver ; E, conductors ; r, can containing the slivers from the first 
drawing ; o, receiving can H H, the hackle carrying spirals ; i, the diagonal or 
doubling bars; K, delivering roBers; I, the drawing rollers ; m, m, m, the retaining 
rcllers. 

833 



The roving frame is the same in regard to the arrangement of its back and front 
rollers and gills, as the drawing frames; and as the position and mannCTof regulating 
the poles arc generally the same as adopted for cotton, the description of these parts 
therefore does not require to be repeated ; hut an improvement patented a few years 
since hy Sir P. Fairbaim, of Leeds, of that part of these frames which tels^ to 
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regulating the taking up movement of the bobbin merits particular attention, as by it 
the inconveniences oCthe older m^t)iod of a weighted belt and cone, and those of the 
more recent disc frames, are entirely overcome. The principle of this improvement 
consists of driving a pulley by pressure between two discs running at equal speeds in 
opposite directions, as seen at Jigs. 834, 835, 836. 

Figs. 834, 835. To obtain the variable speed, instead of nsinjj a cone and belt as in 

some frames, or the pulley 
and single disc as in others, 
a 6, the horizontal driving 
discs, the lower one o is keyed 
to the shaft </, while the upper 
b is free to turn upon it ; i, 
bevel wheel fitted to or form- 
ing one piece with the upf)cr 
disc h ; c bevel wheel keyed 
to shaft d\ e intermediate 
bevel wheel gearing in the 
bevel wheels c and i, so as to 
torn them in opposite direc- 
tions, and consequently the 
discs to which they are di- 
rectly or indirectly attached ; 
g. the variable pulley covered 
with leather and resting upon 
the lower disc a, and itself 
pressed upon by the weight 
of disc 5 ; it is thus driven at 
speeds varying according to 
its approach to or from the 
shaft d, thus answering the 
purpose of the traversing 
leather belt of the cone move- 
ment;^ A, shaft keyed in the 
pulley gt from which the variable motion is transferred to the bobbins. 

A series of preparing machines, termed a “system,” consisto in general of 1 spreading 
of 4 slivers at the drawing rollers, united into one by the doubling bars at the delivering 
roller, 2 frames of second drawing, in all 24 bosses 2 frames, third drawing containing 


835 836 
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togrether 36 bosses ; if a fourth drawing is required, 2 frames of 24 bosses each, or 
48 bosses in all. 180 spindles of roving in 3 frames will well supply 3000 spindles of 
medium spinning. The mode of using this “system” is, as has already been said, 
first to spread the stricks of line upon the feeding-sheet . of the “ spreader,” then to 
receive the sliver or slivers there produced into cans capable of holding 1,000 to 1,200 
yards of slivers. Those cans specially intended to receive the slivers from this 
machine, are all made to one regular weight ; thus, when filled, the weight of line 
each contains is correctly ascertained, and by the bell motion the length is also known. 
Upon this basis is founded the ntfthod of producing any desired number of yam, and 
b)' doubling the slivers, a degree of equalisation that the simple spreading would be 
unable to effect ; for at each drawing, and at the roving, several ofthe slivers from the 
preceding drawing are put together, to be again reduced to one for this object alone. 
Hence, ^e weight of a determinate length in yards of the desired yam being known, 
a calculation is made, combined of the drafts and number of doublings the material 
has to undergo, to determine what the weight should be of that length of slivers con- 
tained in the cans from the spreader. It is ordinary to put 10 or 15 of these “cans ” 
together, to form what is called a “ set,” the slivers of which are united at the second 
drawing with the subsequent drawings and rovings. The combination of two or three 
slivers at each boss is sufficient. 

Though the above is descriptive of the “ gill ” frames now in use, yet it should he 
understood they are by no means the first or only results of the attempts made to 
correct the defective principle of the original roller machines, which were incapable 
of holding or retaining the flax with a sufficient degree of regularity, owing to its 
unequal lengths and unadhesive nature. The consequences were that the yams pro- 
duced were “ lumpy ” and unievel, making it evident that some improved means were 
necessary for more completely restraining and regulating the drawing of the fibres. 
The most obvious way to do this was to introduce some mode of partial detention by 
creating a friction anvong the fibres to imitate the action of the fingers in hand-spinning. 
This led to causing the slivers to pass through and among several ranks of serrated 
pins, which was found very nearly to attain the object, and certainly greatly improved 
the levelness and unUbrmity of the slivers. Thus the use of “ gills ” became general 
about thirty years since. 

Those first brought into general use were constracted with circular discs or plates 
for carrying the faller or gill bar, which at the same time were guided by their ends 
passing in fixed slides, so as to bring the gill in as vertical a position and as near the 
drawing roller as possible. 

The figures (837, 838) are 
profile and front views of the 
working parts of one of these 
gills : — A, slotted plate or 
disc, of which a pair were 
keyed upon a shaft b, so as 
to carry each end of the 
fuller i>, passing through the 
slots c c; E, the fixed ec- 
centric slide ; g, h, the draw- 
ing rollers ; s*, the holding 
rollers. 

This was succeeded by-the 
“ chain gill,” in which the 
fallers were carried forward 
by an endless series of con- 
nected links, or jointed to- 
gether “slotted plates,” in- 
stead of the simple circular. 

The object of this was to in- 
crease the flat surface of gill 
bars between the holding and 
drawing rollers, making it 
more suitable for the longer 
descriptions of material The 
slides and rollers, being simi- 
lar in these machines to those 
in the former, are not repeated, hut the sketch of five slotted plat^ is given in 
fa. 839. ^ ^ 

From the evident impor'ance of bringing the retaining effects ofthe gills as clos^ 
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as possible to the point where the morement of the drawing fibres is greatest, 
several attempts Imve been n^iide to improve the above described gills in this 
respect. With this view Messrs. Taylors and Wordsworth patented a gill of 

considerable ingenuity {fig. 
839 84^0), which therefore de- 

serves mention, though it 
never came into use. Its de- 
scription is as follows : — 
a, b the fuller or ” gill bar” 
in one piece, which was 
carried forward by an endless 
chain ; c, d, slides placed hori- 
zontally over the gill sheet 
guiding the ends of certxun 
bell-cranks e, fi joined at 
their angle in the recess fi p,c, 
of the gill bar, and at their 
other end to the gill or comb 
G. By this arrangement, as 
long as the bell cranks are 
in the parallel parts of the 
slides c, the gill teeth will 
be above the fuller a, 6, bat 
when they arrive at the con- 
tracted part the guided ends 
will be brought into the posi- 
tion Q Q, and consequently 
the ^ill depressed is o 2 ; 
this 18 80 timed as to cause 
them to clear the drawing 
roller, when, on again con- 
tinuing their course, they 
are again caused to rise 
and penetrate the sliver by 
the reversed inclination of 
the slides c, d, at the back 
roller. 

The objection to this in- 
genious machine was the 
largeness of the space sud- 
denly left open by the de- 
scent of the gill, as the double fuller, bell crank, and gill necessarily occupied great 
width. 

The screw or spiral movement of the fallers, which was soon afterwards invented. 
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quickly superseded all others in use, as by these means the fuller was caused, even in 
the manner they were first constructed, to approach closer than even in the most per- 
fected construction of the others, to the side of the drawing roller, and still maintain 
the pins in a vertical position. Recently this otject has been more perfectly at- 
tained by a patented improved construction adopted by Messrs. P. Fairbairn and Co., 
whereby the obstacle to the fidler wholly touching the roller has been removed, and 
thus prancing the fall holding effect of the gill to the latest possible moment. This 
is effected by employing a method of supporting the spirfis by their working in 
tnbnlar recesses in the side plate of the machine ; alohg these recesses are longitudinal 
openings through which the faller end passes to enter between the threads of the 
spiral, and which serve also as slides to support the faller. As by this mean^ the 
supports or plummer blocks that intervened between the end of the spirals and the 
roller are suppressed, the faller is enabled to advance to the place they formerly occu- 
pied. Figa. 841 and 842 show this comparison of the older and more recent methods. 
A, B, spirals ; c c, the parts by which they are supported, being in Jig. 841 small 
pivots in plummet block d d, and in Jig. 842 hollow tnhe-like recesses in frame plate 
c c ; EE, pinions to work the upper and lower spiral together ; F, bearings •, o, draw- 
ing-rollOT ! H, pressing rollers ; 1 1, passage of the faller's descent. 

Here it may be as well to obMrve that the same parties have still more lately intro- 
dneed anotlO important amelioration in these machines for remedying the noise and 
wear and tear which ordinarily attend them by the abrupt and violent descent of the 
faller. Fig, 843 shows a sectional firont view of a head having this improvement 
applied, a a, supports for screws ; b, c, top and bottom screws ; d d, the new cams 
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fixed on shafts parallel with the screws, and revolving at the same speed. Thus, these 
cams d d receive the fuller e e at their largest diameter, at the moment they are free 
to descend, and guide them gradually down to the lower slide. 

Thus constructed, the “ screw gill ” continues to be the most esteemed in principle, 
though not without some serious objections in practice. For the abrupt and angular 
movement of the “ fuller” even here not only liberates too suddenly a portion of the 



fibres that should be but gradually relaxed at the moment of being drawn, but causes 
considerable wear and tear to itself, the slides, and the gills attached to it ; to which 
cause of destruction must be added the great friction of the worm movement; these, 
however, in “ line ” preparing, whore the fibres are long and straight, and the drafts 
employed large, and where, consequently, a comparatively slow movement of the 



gills is required, are not so much felt as in the preparation of tow, where they become 
serious. 

^ In “ tow preparing ” the first operation, as before stated, consists of “ carding ” which 
IS generally repeated over two separate machines, which are respectively called the 
breaker ^ and the “ finisher ” cards. They are essentially the same in principle, and 
vary but little in construction, the only difference being that the “ breaker ” is fed or 
supplied by the disjointed parcels of tow from a creeping sheet (as the spreader with 
“ line ), and delivers its slivers into a can, whereas the finisher is fed from a bobbin upon 
whiqn several of the slivers from the “ breaker ” are united by a machine expressly for 
that purpose, called a ‘‘ lap frame ; ” this card thus receives its supply of work in a very 
regular form, and previously to delivering it in the form of slivers causes them to pass 
over a gill, to consolidate and strengthen them before delivering them into the receiving 
can; it is also generally clothed with a finer description of wire filleting than the 
breaker. Though it is the better method to card thus the tow twice, yet this second 
carding IS sometimes dispensed with ; in that case^this auxiliary “gill ” is similarly 
fixed to the first card or breaker. The cards employed for tow are machines of con- 
siderable weight and importance, the main cylinder, or, as it is sometimes called 
“ swift, being from 4 to 5 feet diameter and 4 to 8 feet long ; those nw^t generally 
employed are 6 feet long. Previously to entering upon the detailed description of a 
car^ it may be as well first to trace in general terms the progress of its operations, as 
tending to elucidate the explanation of the machine itself. 

Yol. 1 1. S 
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The tow is firet divided by weighing into small parcels of 10 to 20 drams ; these 
are then shaken out and spread so as to cover certain definite portions of the creeping 
feeding sheet, hy which they are conducted to the first pair of rollers, called the feeders. 
These rollers are covered with a leathern band, in which are fixed in close array a 
number of wire points about ^ an inch long, and having a tangential inclination to the 
circumference of the rollers, which are about 24 inches diameter. The tow passing at a 
slow rate of progression between these rollers, is by them gradually presented to the 
points with which the swift is likewise covered, also set in leather bands, but which arc 
about 2 inches wide ; these points, the same length as those of the feeders, have an 
inclined direction pointing to that in which the cylinder turns. The much greater 
velocity of the “ cylinder ” combs and somewhat opens and breaks the tow as it slowly 
arrives in contact, and the inclination of the pins at the same time carries it forward. 
All such lumps and fibres as are not sufficiently opened and straightened by this first 
contact, remaining prominent on the surface of points on the cylinder, are carried by 
it against another roller, whose axis is parallel, and whose wire-covered circumference 
is brought as near as possible, without absolute contact, in order to catch and retain these 
prominent lumps and fibres ; the points of this roller (called a “ worker ”) are inclined 
in a direction opposed to the movement of the swift, and, therefore, hold the “ tow ” to 
be again combed and straightened as at first it was by the feeders : this is repeated eight 
or nine times, by having that number of workers to the card ; each of these workers has 
its attendant roller, also covered with wire points, by whose inclination in a contrary 
direction, and by the greater velocity of the roller, the tow is stripped from the workers, 
to beagain laid on to the cylinder. The strippers, though running at a greater velocity 
than the workers, are still slower than the cylinder. The tow thus carried forward 
gradually improving in openness and regularity as it passes each pair of “ workers and 
strippers,” finally arrives at the roller called adoffer, of which there are two or three 
upon a card, the wire points of which are in such a direction as to hook or catch the tow 
“ as it flies.” The use of these several doffers is, that by placing each succeeding one 
progressively nearer the swift, the longer and shorter fibres are successively and sepa- 
rately taken off. Each doffer is cleared by an oscillating comb, and the slivers con- 
ducted, if intended for the lap machine, into a can by delivering rollers ; but if finished, 
these delivering rollers are as it were the back rollers of the auxiliary gill, patented for 
this application hy Messrs. Fairbaim and Co. ; whereby the slivers are not only saved 
from all danger of derangement in their loose and porous state as direct from a card, 
hut the hitherto double expense of carding and first drawing is reduced to that of 
carding alone. 



AAA {fig. 844), framing ; b, swift or main cylinder ; c, feed rollers ; d D P, strip- 
pers to feed rollers and workers driven by one belt from pulley E, and maiotain^ 
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tight by the movable pulley Fj g o c, workers; 1 1 1, the three dofFers; EBB, 
intermediate wheels to connect the movement of the doffers with one another ; kkk^ 
oscillating combs for their respective doffers j l, delivering rollers ; M, back roller of 
auxiliary gill ; n, gill surface ; o, p, drawing rollers ; Q, delivering rollers and bell 
motion for measuring the sliver in the cans a ; s s, doubling plate ; T, pulley for driv- 
ing auxiliary gills by bell from the pulley e. 



The lap frame, to which allusion has already been made as the necessary adjunct 
to the cards when double carding is to he performed, is employed to collect together a 
number of slivers from the ** breaker ** by winding or lapping them upon a cylindrical 
piece of wood, which may be described as a bobbin shank, thus producing an equa- 
lisation of the slivers of tow as the making up of sets effected in line preparing ; from 
SO to 60 lbs. of tow is the usual complement of one of these bobbins, the length and 
the diameter, when full, about 22 inches; thus, a 6 feet wide finisher card wiU take 
off these bobbins at once ; from 15 to 20 is the number of slivers usually wound to- 
gether, and the completion of a bobbin by the ringing of a bell, connected with the 
measuring cylinder of the machine. The following is a descriptive drawing of the 
lap machine, ° 
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fill; D, bobbin or shank intended to be filled; e» table to receive the bobbin when 
about to be taken from the machine ; f, weight to increase the efifect of pressure of the 



measuring cylinder by the connecting rods coo, which are split for part of their 
length in order to pass the shaft H, and at another, g g, have racks into which work 
pinions keyed on the shaft of the hand wheel i, for the convenience of raising and 
lowering the cylinder and weight. The shaft h is divided at the plates k and n, and 
provided with sockets to receive the end of the hobhin shank d, which is introduced 
by sliding back the piece h n, and returning it by lever m. and thus is coupled and 
turns together with two pieces of shaft h, as also the disc plates k and l, which are 
to serve as temporary ends to the bobbin during the time of its filling, and thus by 
turning with it avoid that rubbing and felting effect upon the edges of the tow so in- 
jurious in the machines formerly constructed, and by the bobbin acting as the driver 
to the cylinder the slivers are drawn tighter, and thereby avoid those plaits that the 
other machines were so liable to produce. 

As before mentioned, some objections were found to the working of the screw-gill, 
of a nature detrimental to the machines themselves, which, though not of great im- 
portance in “ line,” were much aggravated in tow preparing, as the lesser drafts there 
employed cause a greater wear and tear of the fallers and gills. The objection to 
these machines, however, is not confined to this point only, but extends also to their 
effect upon the material itself. The fibres of the tow sliver, as coming from the card, 
are in a light and much confused state, which renders them liable to be easily separ- 
ated; so that the faller, by its sudden descent, has a tendency to draw some down, 
and become lapped by them, as well as to make so marked a difference in the thick- 
ness of the sliver, by the withdrawal of the retaining comb, so as materially to injure 
the quality of the yam. Thus this “ gill ” was not enabled to hold its place in tow 
spinning, when other circumstances led to greater attention being paid to this im- 
portant branch of the flax business, and it became a desideratum to have a machine 
free from th^e defects, and capable of working without derangement, at much greater 
velocity than was safe with the “screw-gill.” These desiderata the “ rotary ” gill, 
patented by Messrs. Fairbaim and Co., amply supplies. For in this gill the circular 
form of the gill sheet obviates the necessity of having several fallers, and the simple 
motion creiT^s neither friction nor abruptness of effect, while the retention of the fibres 
being continuous, the slivers produced are perfectly level and uniform ; consequently 
these gills are extensively applied, as the auxiliary gill explained in carding, as well 
as for the subsequent drawings and rovings of tow, and sometimes, as will be after- 
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wards seen, to coarse spinning. The theoretical construction of these rotary gills will 
be seen by the annexed sketch. 

M (fig. 848), back rollers, but when applied to a card a top and bottom holding 
rollers are again employed ; N, the rotary gill sheet having the pins inclined back- 
wards, so as to ensure the impalement of the sliver when the fibres begin to draw ; p 
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and o, the drawing and pressing rollers ; the doubling bars or plates are the same to 
these gills as to the “ screw-gills.” 

A machine has been lately invented, and brought out by Sir P. Fairbaim and Co. 
of Leeds, called Heilmann’s tow combing machine (fig. 849), which, on trial, is 
much approved of. The tow is first carded in the ordinary way, say on a breaker 
card, and then on a finisher card j the latter delivers the tow in the shape of a 
sliver into cans, which are next placed at A, or back of the tow combing machine. 
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From the cans A the tow goes to the back conductor b, divided into as many com- 
partments as there are slivers ; and from the conductor B, to the feeding box c sus- 
pended on shaft n, without being keyed to it. The front lip e of the feeding box is 
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fluted and fitted with leather, and a corresponding nipper f bung from the same shaft 
», and keyed upon it, completes the jaw which has to hold fast the tow, while the 
cylinder 6 combs it 

The feeding box c derives its motion from the nipper f, which is moved by lever 
and excentric as shown, and follows that nipper by its o^v^l weight, until stopped by 
indiarubber buffers h ; when the nipper r in going further back leaves it, and the 
jaw E F opens for more tow to be fed, and the tow already combed to be drawn through 
the detaining comb i, as explained hereafter. 

The top K of feeding box is movable up and down, by means of the connecting 
rod li, hung on a fixed centre m, so that the top part k opens or shuts as the body of 
the box goes backwards or forwards. The levers n n n are only used to keep the top 
and bottom of the box parallel to each other. 

As shown in the drawing, the top of the feeding box is fitted with hackles passing 
through two grates o and p, fast on bottom of feeding box, and leaving between them 
a space through which the sliver has to pass. 

By the above arrangement, the hackles are caused to withdraw from the tow, while 
the whole box is drawn backwards on slides of table q, by the eccentric motion b n r. 
The last backwards motion takes place while the jaw p is yet shut, and the top of the 
box up ; but when the latter has got closed again, then the whole box slides down on 
the table q to its former position, bringing with it the sliver of a quantity equal to that 
move: this completes the feeding motion. 

Now as the feeding box recedes, the lip e comes nearer to the combing cylinder g, 
the hackles s s cleaning the tow projecting outside the nipper f. As soon as they are 
passed through, the feeding box comes back to the most forward position, when the 
nipper f leaves it, and the jaw e f opens : at the same time the two rollers t u have 
reached their top position. The top one t is then thrown forwards (by the lever 
arrangement shown in v v v) upon the leather w, stretched on parts of surface of 
cylinder o 5 this roller t is thus driven, and takes hold of the points of the tow presented 
to it by lips or bottom jaw e ; a fine detaining comb i being just before interposed 
between them to keep back the noils, that have not been carried off by the combing 
cylinder. 
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In that way the points of the tow are driven upon the sheet x, until the roller T, 
by being th^wn back again off the leather w, their motion is stopped at the same 
moment, the two rollers u and t are allowed to drop down by eccentric v, drawing 
with them (through the detaining comb i, and quite out of the rest of the sliver) the 
other ends of the fibres of which they have got hold. 

^Vhile this has been going on, the feeding box has advanced the sliver a step, the 
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nipper closed, and forced tlie said feeding box forwards so as to bring tbe lip e within 
the reach of hackles s on cylinder G, which then met it, cleansed the tow, and so on 
as before. 

At that time the rollers T and v come np again, and daring that upwards motion 
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the latter ends of the fibres partly combed and overturned by the cylinder hackles, as 
shown in drawing, are combed by them in their turn. Then the roller t is once more 
driven round by the leather w stretched on cylinder, the new points place themselves 
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above the back ends of the fibres combed before, and are carried forwaruS into a con- 
tinuous sliver on the leather sheet x, from tbe leather sheet to the rollers z z, then to 
the trumpet conductor a, the front delivery roller c, and (whesi more than one head 
to the machine) from c to the end delivery c, over the conducting ph^ (L 
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In «,/, gt and are the usual brush, doffer, comb, and tow box for the noils. 

These combing machines are made of different sizes to suit all sorts and lengths of 
tow ; the yam produced from them is much finer than that produced by the ordinary 
carding system alone. The combed tow can generally be spun to as high numbers 
as the line from which it has been combed, and in some instances has produced good 
yarn, even to higher numbers. The combed tow, after the combing machine, is 
passed through a system of drawing, roving, and spinning, similar to that used for 
cut line. 

Subsequently to the carding the preparation of tow is completed by making up sets 
of cans for the second drawing, as explained for line ; these slivers are doubled and 
drawn once or twice more, and then roved. The drafts used in tow preparing are from 
9 to 8, for, as the fibres are shorter, it necessitates the employment of less draft. In both 
line and tow preparing, lesser drsdls are employed as the stages advance, the gills finer, 
and the condnetore narrower: also for both materials much attention is requisite to 
keep the various parts of the machines in good order, free from bent or broken pins, 
and chipped or indented rollers, for no subsequent operation can cure the defects that 
may be produced by negligence in these particulars. The drawing and roving frames 
for tow are shown mjigs. 850, 851, 852. 

AA(y?^.851), drawing frame; b, driving pulleys; c, rotary gill sheet ; d, drawing 
roller ; e, pressing; f, o, pairs of delivering rollers; h, doubling plate ; i, back con- 
ductor; K, back roller wheel with pulley to turn the sliver rail l. 

A A {figs. 851 & 852), roving frame; b, pulley and fly wheel combined ; c, drawing 
roller ; d, rotary gill ; a a, stand for gill movement. The regulation of the bobbins 
is effected in the same manner as already described for line roving. 

Spinning. — This operation consists in drawing the “ rovings ” down to the last 
degree of tenuity desired, and twisting them into hard cylindrical cords, which are 
called “ yarns.’* 

There are three modes of performing this operation ; the first, and perhaps oldest, 
is that where the drawing and twisting are performed altogether, with the material 
preserved dry, and without breaking or shortening the fibre ; the second is that which 
likewise, without changing the length of the fibres, draws them while dry, 
but wets them just at the moment before twisting. This method is the nearest imi- 
tation of hand spinning, and makes the yam more solid and wiry than the first ; as 
the fibres of flax losing their elasticity while wet, unite and incorporate better with 
one another. The third mode of spinning has been much more recently introduced 
than either of the others, and by it the fibres are wetted to saturation previously to 
being drawn, whereby they are not only much reduced in length, but their degree of 
fineness is increased by the partial solution of the gummy matter, inherent in the flaxen 
material ; owing to these circumstances equally good yams can be produced by this 
mode of spinning from line and tow of inferior quality, to what could he employed 
upon either of the others, and not only that, but much finer yams can be now spun 
than were possible previous to its introduction. It has therefore not only nearly 
superseded all other methods of spinning for yarns from 20’s to the finest, but has 
much increased the extent and importance of the flax manufacture. 

The only difference in spinning frames for “line or tow,” when employed for the 
older methods, consists in the length of reach, which generally involves the necessity 
of having separate machines for each material, thougli sometimes they are made with 
a capacity to be adapted to either purpose. In the third method the same machines 
are used promiscuously for “line or tow.” 

The yams spun wholly dry are used for the coarse description of woven goods, as 
packing canvas, com sacks, and, when partially bleached, for sheetings and towellings, 
as from its greater elasticity and openness it fills up better in weaving. Those spun 
partially wetted are employed for a somewhat superior description of linen goods, and 
the solid silky appearance qualifies them for drills, damasks, &c., as well as for sewing 
and shoe threads ; a somewhat inferior material, by this manner of treatment, m?kes 
an equally good yarn as a better material spun dry. The yam produced from this 
wet principle is rather inclined to have a cottony appearance, and from the comparative 
ease with which an inferior material can be made to present an apparently fine good 
yarn, the application of yarns thus produced is exceedingly various and sometimes 
deceptive, though when good materials are used, these yams afford durable and 
handsome drills, shirtings, lawns, and cambrics, as well as fine sewing threads. 

The mechanical arrangements for twisting, and then winding the yarn upon a bobbin, 
is called the “ throstle ’* principle, supposed to be so called from the whistling noise they 
create whenftrorking at full speed, which is from 2,500 to 4,000 revolutions a minute. 
The following diagram will explain the principle, which is applied alike to all the 
modes of spinning above described. 

A A (Jig‘ 853), the spindle ; B, the bobbin, loose and independent of the spindle in 
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regard to taming, and rising, and lowering, but throagh which the spindle passes ; 
cc, the flyer screwed to the spindle top; B, table called bobbin lifter, as while at 
work it rises and lowers to lay the yam on the whole bobbin equally ; E, a small 
cord to press on the bobbin by the weight F : o, pulley by which the spindle is 
driven. 

Many attempts have been made to improve upon this principle, in order to 
avoid or lessen the strain upon the thread in its passage from the drawing rollers 
to the flyer eye ; but, till recently, without any degree of success. The only improve- 
ment at present known, and wMch promises to become general, is that where 'the 
necessity to have a top to the bobbin is avoided. It will be seen from the above 
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diagram (853), that the yam is compelled to mb the top of the bobbin, and the friction 
thereby created quickly causes it to become rough ; and therefore it has a tendency 
to catch and break the thread. The desirableness, therefore, of having a clear 
course for the yam was evident, and this improvement that we are about to ex- 
plain produces the effect by employing what is called a coping motion, which, like 
that used in mulespinning, preserves the layers of thread upon the bobbin ever in a 
pointed or conical state, and therefore self-supporting without the sud of the wooden 
eqd of the bobbin. See Cotton Spinning. 

The arrangement of the rollers for holding and drawing the slivers or rovings,, as 
well as the plates and rollers for aiding to retain the twist of the roving^ in order to 
render their elongation more equable when to be drawn dry and spun upon the 
older methods, will be seen in fig. 854. 

A {fig. 854), roving bobbin ; B, back or holding roller; c, carrying roller ; d, flat plate 
with a slightly curv^ face ; the carrying roller and plate are so placed as to cause a 
degree of friction to the roving when passing over them, so as to retain the twist, and 
thus act as the pins in the “ gill frames ; ” e, tin conductor for contracting the roving 
at the moment of being drawn; f, metal roller; g, wooden roller pressed against the 
drawing roller in order to pinch the roving; A, lever and weight. "When it is in- 
tended to wet the yam previously to twisting, the trough i is used, in which is water, 
which is supplied to the roller g by the capillary attraction of a piece of cloth im- 
mersed therein, and bearing against the roller by lever k. 
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The machines for “ wet ” spinning are of a very different construction and appear- 
ance ; as the close proumity of the holding and drawing rollers prevents the inter- 
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and accurately fluted into one another. The water used is heated, in order by the 
expulsion of the fixed air more rapidly and completely to saturate the roTings while 
passing through it. The following drawings and description will be sufficient to give 
an accurate idea of the principle of these machines, which are generally 20 to 30 
feet in length, and contain 200 to nearly 300 spindles; that is, 100 to 150 on 
each side. 

A AAA {Jigs, 855 & 856), framing; bb, stand for roving bobbins ; c, driving pulleys 
fixed upon the axle of cylinder d, from which pass endless cords to drive the spindles 
ee; F, step-rail of spindles; G, collar rail for ditto; H, bobbin lifter; l i, front roller; 
K K, back roller; l, back pressing roller ; m, top pressing roller (these are generally 
made of box wood, but sometimes of gutta percha) ; n, n, levers in connection with 
the excentric to produce the rise and fall of the bobbin lifter; o o, thread-plate ; q q, 
saddles or transverse bars resting on the axles of the back and front pressing rollers, 
so that one lever and weight acts for both by the connecting rod and lever r r, which, 
in order to cause more pressure on the drawing than on the back roller, is placed on 
the saddle nearer the former than the latter. 1, 2, 3, 4, 5, 6, 7, 8, train of wheelworfc, 
by which the movements are distributed, a a a, the trough of hot water maintained 
by steam-pipes at the desired temperature; b 6, guide rods or pipes to cause the roving 
to pass under the water. In order to avoid the rollers becoming indented by the 
roving always passing on the same place, they are caused to traverse the breadth of 
the rollers by a traversing guide rail, moved by an excentric at the worm and wheel 
c ; rf, flyers, and f, spindles. 

Here it may be proper to introduce a description of the machines for twisting the 
yarns when spun into “ threads ” used for sewing, &c. The yarns spun for this pur- 
pose should always be made of a somewhat superior description of line to that em- 
ployed for the same number of yarns for weaving, and have rather less twist They 
are generally taken while wet on the spinning bobbins to the twisting frame, and, 
when combined together, the union is effected by a torsion in the opposite direction to 
the original twist of the separate yarns. 

Reeling, — This operation consists in winding the yarn off the bobbins of the 
spinning or twisting frames, and forming it into hanks or skeins. The various deno- 
minations of the skeins into which yarn is reeled, and then the forms or combinations 
they are made up into, are as follows : — 

The lea containing 300 yards 

10 leas making 1 hank 

20 hanks „ 1 bundle 

6 bundles „ 1 packet. 

It is by the standard lea of 300 yards that the description of yam is known from the 
number^ contained in 1 lb. weight; thus. No. 20 contains 20 leas or 6000 yards for 
1 lb. weight. In Scotland, the subdivisions are rather different from the foregoing, 
which are employed in England and Ireland; the lea, however, remaining the 
same ; — 

38 leas make 1 spindle 
6 „ 1 rand 

12 rands „ 1 dozen. 

The reeling is performed upon exceedingly simple machines, generally put in na- 
tion by the hand of the person attending them, though sometimes they are driven by 
the motive power of the factory. The reel is made sufficiently long to receive twenty 
bobbins, and the barrel upon the yam is wound in one length; the diameter, however, 
varies so as to suit the different sizes yarned to be reeled. For the coarsest yams and 
down to 16 and 20, the largest circumference is used of 3 yards, from that to about 
N^. 100, 2J yards, and for the finest yam I J yards is found most convenient. These 
various circumferences are compensated either hy putting a great number of threads 
into each “ tye,” or increasing the number of tyes, so that opposite to each one of the 
20 bobbins an entire hank should be formed before taking the yarn off ; thus at each 
“ stripping,” one bundle is turned off. To facilitate the stripping, one of the rails of 
the barrel is made to fall in, and thus slacken the hanks ; care is taken to leave the 
lea bands very loose, in order to allow the yam to be spread out in drying and 
bleaching. The determinate lengths of yam, when wound on the reel, are notified by 
the ringing of a bell connected with the axle of the barrel. Fig. 857 below shows the 
form of an ordinary hand-reel. ^ 

A A {Jig. 857), framing: b b, reel barrels ; c, box or trough to receive empty 
bobbins, &c. ; d d, bobbins in position of being reeled; e e, guide rails, movable so 
as to place the leas side by side on the reel; f bell wheels; a g, bells for each 
reel barrel suspended on springs. 
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To these hand-reels there are many ohjections; for it is evident that the correct- 
ness of measure depends entirely upon the attention of the reeler, and the stop- 
pages arising from the breaking 
of a thread or the finishing of a 
bobbin interrupt the work of 
all the others. These objections 
rendered it necessary to attempt 
some ameliorations of the s}'s- 
tem by the introduction of a reel 
that should automatically pre- 
vent these causes of error. Such 
a reel was patented a few years 
since, and is now in general use 
in Scotland; it is so contrived 
as to have, the capacity of stop- 
ping itself when a thread breaks, 
when a bobbin finishes, and 
leas and hanks completed; and 
having but four or five bobbins 
in one compartment, the stop- 
pages affect but few at a time ; 
and as this machine can be 
worked by less skilful persons without possibility of error, much saving is effected 
both in wages and material. The annexed figure (858) shows the principle of this 
improved reel. 

A A 858), framing ; B reels; c c, pendulums on which are hung the bobbins to 
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be wound off ; d, driving shaft with ratchet wheels opposite to each pendulum, "so 
that when a thread breaks, the pendulum to which it is attached falls into the ratchet 
wheel, and thus stops it. 

_ The drying of wet spun yams should always, when possible, be done in the open 
air by spreading the hanks upon horizontal jwles through them, with another similar 
pole resting inside upon their lower extremities, in order to keep them straight. If 
artificial heat is employed, that from steam or hot water is preferable, and it should 
never exceed 90® Fahr., as otherwise the yam is apt to become harsh. 

Making up , — By this operation is first produced upon the yarns a certain soft- 
ness and supiCness, and then the hanks are folded and tied up in conveniently-sized 
packages. 

In order to give the yams that soft and mellow feel so agreeable and characteristic 
of flax yarns, the hanks when brought from the drying are what is called shaken 
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down and pin-worked. This is done by separating a few at a time, and passing them 
on to a strong arm of wood fixed to a wall or pillar, when with a heavy baton put 
through them, the workman proceeds to stretch the hanks with a sudden check or 
jerk, which operation he repeats in two or three places so as to thoroughly straighten 
and shake them loose; he then, using the same baton as a lever, twists them lightly 
backwards and forwards till the desired degree of suppleness is obtained. A brush is 
sometimes used to aid the straightening and separating, as well as to increase the 
gloss on the yarn. The hank or hanks will then be found to have assumed a flat 
shape, as on the reel, which facilitates their folding with a dexterous twist by their 
middle, when they are laid in square piles upon a table with their twisted folds one 
upon another. They are maintained in the perpendicular by a few supports fixed in 
the table. Sometimes these packages, which, according to the sizes of the yarn, con- 
sist of from J of a bundle to 5 or 6 bundles, are bound together by some of their own 
hanks, but sometimes by cords in three or four places of their len^h. It is, however, 
better to employ a bundling press than an ordinary table, as the yam can then be 
made up more solidly, thus both improving its appearance, and causing it to occupy 
less space for packing and stowage. The bundling presses are made upon the same 
principle, but on a smaller scale, for making up the small packets in which sewing 
threads are generally presented for sale, and are upon the following construction 
{figs, 859, 860). 
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Fig. 859, front view ; Fig, 860, profile. A A a, frame ; b, table or flat top of 
frame; c, rising table; d d, iron uprights fixed to b; e e, bars hinged at one 
end to uprights d d, to shut across the press, and be caught and latched down 
by the spring catch l, fixed to the upright d along one side of the press ; f f, racks 
for lifting the table c by the pinions on shaft c; h, crossed levers for turning the 
shaft G ; I, ratchet wheel engaging the detent k, and thus retaining the shaft o in 
any required position, and thus of course maintaining the pressure of table c against 
the top cross-bars E. 

Weavingy is the operation by which the yams are combined into textile fabrics, 
suqh as canvass, linens, lawns, drills, damasks, &c., and a great variety of other deno- 
minations of article for use and ornament. 

Hitherto the weaving of linens has been carried on by the ancient and well known 
hand process, so ancient and so well kuown as to place the operative practising it 
among the worst paid of any other art. Now, however, thejjB are several extensive and 
thriving establishments where machinery has taken the place of much squalid misery, 
and at much cheaper rates produce to consumers superior articles, and still afford go(^ 
payment to the operative. The improvements in power weaving which have led to 
this result are not founded upon one or even a few successful inventions or contri- 
vances, but are the combination of a great many that have occupied much time to 
mature. Many difficulties had to he overcome in the weaving of flax that did not 
exist in that of other materials; and for a considerable period the expense of linens 
rendered their consumption so limited, as to make their production by power weaving 
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but a very secondary object. The greatest obstacle of a practical nature to the intro- 
duction of the power loom weaving of linens was, the stubbornness or want of elasticity 
in the yarn, which caused frequent breakages, and much confusion. In woollen or 
cotton goods, if a thread or yarn should chance to be a little tighter than the others in 
the warp, its elasticity will allow it to come up to the general bearing of the others 
when the weft is struck up by the reed; but in linen from the want of that elasticity, 
a thread so situated would break, and by crossing some others, cause those also, if not to 
be broken direct by that circumstance, at all events to produce an obstruction to the 
shuttle that would lead to further mischief. Hence it was most material in linens to have 
such a method of winding the yarns upon the warp beams that should insure the greatest 
regularity ; but strange to say, that point, though now attained, was at first wholly 
lost sight of. That circumstance, as well as the great mistake of attempting to use 
the same looms as are found suitable for cotton, produced so much discouragement in 
the earlier attempts as to give rise to a high degree of prejudice against the possibility 
of success in this undertaking, which may account for the backwardness in which this 
branch of the flax manufacture was found till quite recently. 

The roving machine, called by the ingenious inventor, Mr. W. K, Westley, of 
Leeds, the Sliver Roving Frasie, seems to be a philosophical induction happily 
drawn from the nature of the material itself, and accommodated to its peculiar consti- 
tution. It is remarkable for the simplicity of its construction, and, at the same time, 
for its comprehensiveness : requiring no nicety of adjustment in its application, and 
no tedious apprenticeship to he able to work it. 

It is known that the mucilaginous matter of the plant may he softened by water, and 
hardened again by heat; of this fact advantage is taken, in order to produce a roving 
wholly without twist; that is, in the form of a ribbon or sliver, in which the fibres are 
held together by the glutinous matter which may be natural to them; or which may, 
for that purpose, be artificially applied. The sliver roving, as long as it remains dry, 
possesses all requisite tenacity, and freely unwinds from the bobbin, but on becoming 
again wetted in the spinning frame, it readily admits, with a slight force, of being 
drawn into yarn, preserving the fibres quite parallel. 

The diagram, 861, shows in explanation, that 

A, is the drawing roller of the roving 
frame in front of the usual comb. 

B, the pressing drawing roller, 
c, a shallow trough of water. 

D, a cylinder heated by steam. 

E, a plain iron roller for winding, 

F, a bobbin lying loose upon the 
winding roller, and revolving upon it, 
by the friction of its own weight 

The roving, or sliver, as shown by the 
dotted line, after leaving the drawing 
rollers, a, b, passes through the water, in 
the trough c, which softens the gluten 
of the fibres : and then it is carried round 
by the steam cylinder p, which dries it, 
and delivers it hard and tenacious to the 
bobbin f, on which it is wound by the 
action of the roller e. 

This is the whole of the mechanism required in producing the sliver roving. 
All the complex arrangements of the common cone roving are superseded, and 
the machine at once ^comes incomparably more durable, and easier to man- 
age ; requiring only half the motive power, and occupying only half the room. A 
frame of 48 bobbins is only 6 feet long, and affords rovings sufficient to supply 1200 
spinning spindles. 

This machine, though here described, is but little used, being capable of but very 
limited application. 

Combe of Belfast has lately introduced an improvement in the roving frame. It 
consists in the application of a peculiar expanding pulley, instead of the cones, or 
discs and runners which have hitherto been always used for the purpose of regulating 
the “ take-up ” of the bobbins. It is evident that a strop of 2 or 3 in. broad, working 
over the cones, placed with the small end of one opposite the large end of the other 
is an imperfect and rude mechanical contrivance, and that there must he a constant 
straining an^stretching of the belts. There is the same imperfection attending the 
disc and runners. The expanding pulley is free from these objections, as its acting 
surface is a line ; and therefore it works with the greatest accuracy, while it is also 
a great simplification of the machine generally. In rovings for flax and tow it is 




There are three systems of long line machinery for No. 25’s to ?0’e ; two systems of 
cut line machinery for No. lO’s to I20’s; and three systems of tow machinery for 
No. ID’S to 40’s. 

The blading is 56 feet wide and 162 feet long ; which is a very suitable and con- 
venient size, and which admits of the most economical arrangement of the machinery. 
The following is a description of the machines shown in the preparing room : — 

A A, two of Baxter’s patent sheet hackling machines for long tow. ^ 

B, a flax-cntting machine. 

c, one of P. Fairhairn & Co.’s patent double line of holder hackling machines for 
cut line. 
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B B, are two breaker cards, 4 feet diameter x 6 feet -wide. 



F P F, are three finisher cards 4 feet diameter x 6 feet TFide, with P. Pairbaim and 
Co.’s patent rotary gill drawing heads attached. 

G o, are two patent rotary gill drawing frames for long tow, 12 slivers each. 

H H, two ^tto regulating roving frames, 48 spindles each, for long tow. 
j, is a screw gill second drawing frame of 3 heads for cut line tow. 

K, is a screw gill third drawing frame of 3 heads for cut line tow. 

B, a screw gill regulating roving frame of 72 spindles for cut line tow. 

M M M, are three long line first drawing frames or spreaders of 4 bosses each. 

N N N, are three long line second drawing frames of 2 heads each, 
o o o, are three long line third drawing frames of 2 heads each, 
p p p, three long line regulating roving frames, 60 spindles each. 

4 4 , are two cut line spreaders of 4 bosses each. 

B B, two cut line second drawing frames, 2 heads each, 
s 8, two out line third drawing frames, 2 heads each. 

T T, two cut line regulating roving frames, 72 spindles each. 

The spinning room contains 34 spinning frames of 184 to 244 spindles each, appor- 
tioned to the several systems as described below. 

I. System of long line machinery for spinning No. 25’s to dO’s. 

1 Baxter’s patent sheet hackling machine, 6 tools. 

1 spreader or first drawing frame, 4 bosses. 

1 second drawing frame, 2 heads, 4 bosses each. 

1 third drawing frame, 2 heads, 6 bosses each. 

1 patent disc regulating roving frame, 60 spindles, 10 spindles per head, 8 inches 
X 4 inches bobbin. 

5 spinning frames, 2j inches pitch, 200 spindles each, 1000 spindles. 

The production of this system is about 66 bundles, or say, 420 lbs. of No. 30’s yam 
per day. 

II. Two systems of long line machinery for No. 40's to 60’s. 

1 Baxter’s patent sheet hackling machine, 8 tools. 

2 spreaders or first drawing frames, 4 bosses each. 

2 second drawing frames, 2 heads of 6 bosses each. 

2'third drawing frames, 2 heads of 8 bosses each. 

2 ^tent disc regulating roving frames, 60 spindles each, 12 spindles per head, 6 
inches x inches bobbin. 

10 spinning frames, 220 spindles each, 2J inches pitch, 2200 spindles. Production 
about 130 bundles, or 472 lbs. of No. 55’s yam per day. 

III. Two systems of three cut line machinery for No. 40’s to 120 s (one for„40’s 
to 70’s, and one for 70’s to 120’s). 

1 flax cutting machine. 

1 P. Fairbaim and Co.’s patent double line of holder hackling machine. 

2 spreaders or first drawing frames, 4 bosses each. 

2 second drawing frames, 2 heads each, 6 slivers per head. 

2 third drawing frames, 2 heads each, 8 slivers per head. 

2 patent disc regulating roving frames, 72 spindles each, 1 2 spindles per head, 
6 X 3j inches bobbin. 

5 spinning frames, 220 spindles each, 2J inches pitch, = 1100 spindles. 

5 spinning frames, 244 spindles each, 2j inches pitch, = 1220 spindles. 

Production about 65 bundles or 236 lbs. of No. 53*8 yam per day, and about ,50 
bundles or 105 lbs. of No. 95’s yam per day. 
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IV. Two systems of long tow machinery for No. \0\ to 25’s. 

1 breaker card, 4 feet diameter, 6 feet wide, doffed by rollers. 

1 lap machine. 

2 finisher cards, 4 feet x fi feet, with P. Fairbairn & Co.’s patent rotary gill drawing 
frames attached. 

2 patent rotary gill drawing frames, 12 slivers each. 

2 patent rotary gill disc regulating roving-frames, 48 spindles each, 8 inches x 4 
inches bobbin. 

3 spinning frames, 184 spindles each, 3 inches pitch for No. lO’s to 18 s = 552 
spindles. 

3 spinning frames, 200 spindles each, 2j inches pitch for No. 16’s to 25’s = 600 
spindles. 

Production about 39 bundles, or 488 lbs. No. 16’s per day, and about 39 bundles 
or 312 lbs., No. 25 s per day. 

V. One system of cut tow machinery for No. 25’s to 40’s. 

1 Breaker card, 4 feet diameter, 6 feet v ide, doffed by combs. 

1 Finisher card, with 1*. Fairbairn & Co *s patent rotary gill drawing frame at- 
tached. 

1 Screw gill second drawing frame, 3 heads each, 4 bosses per head. 

1 Screw gill third drawing frame, 3 heads each, 6 bosses per head. 

1 Screw gill patent disc regulating roving frame, 72 spindles, 12 spindles per head, 
6 X 3^ inches bobbins. 

3 spinning frames of 220 spindles each ; 2j inches pitch, = 660 spindles. 

Production about 36 bundles, or 240 lbs. of No. 30’s per day. 

The reeling is generally carried on in the attic above the spinning room, and the 
number of reels required is about the same as the number of spinning frames. 


Summaty view. 

There arc 3200 spindles long line, producing 196 bundles, or, 890 lbs. of yarn per day. 


1152 „ 

long tow, 

,, 

78 

800 

2320 „ 

3 cut line, 


115 ,, 

340 

660 „ 

cut tow, 


36 

240 

7332 spindles 



425 bundles 

2270 lbs. 


865 


The waste in line spinning is generally about 10 per cent , and in tow spinning about 
25 per cent., so that the quantity of raw flax required to produce the above stated 
quantity of yarn would be 
about 20 cwts. of flax for long 
line and long tow spinning, 
and about 6 cwts. of flax for 
cut line and cut tow spinning. 

Flax Weaving Loom 
FOR Heavv Fabrics. — 

A A A, Jigs. 865, 866, frame of 
loom ; B, beam on which 
the yarn for warp is wound ; 
c, cloth receiving beam ; 

D, driving pulleys and fly- 
wheel ; E, hand rail for sup- 
porting the reed ; f, swords 
of supports of going part ; o, 
picking sticks for driving 
the shuttle ; H leather straps 
for connecting the picking 
Sticks with their actuating 
levers l ; ji, n, jaws of a 
clamp to cause the retaining 
friction on the collars of the 
beam b, by which friction 
the quantity of weft is re- 
gulated ; o, end of lever, 
bearing the weight by which 
the jaws are brought to- 
gether; p, lever, keyed at 
one end to the upright shaft q, and connected with the other to the fulcrum of the 
weighted lever o ; n, lever, one end of which is also keyed to the upright shaft Q, and 
the other is provided with a wood sole, and is pressed by a strong spring against the 
You II. T 
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yarn wound upon the beam n. It will be seen that, as the yam is taken oflf the beam 
B, and its diameter consequently reduced, the lever p moves the fulcrum of the 
weighted le?er o, and thus regulates the pressure upon the clamps 3i and n, causing 
an equal tension upon the yarn from the full to the cmpt\ beam ; a, treddles, actuated 
by the cams 6, driven by the wheels f, «/, e, from the picking shaft/; g shuttle 
boxes at each end of the going part; h A, arrangement of levers to conduct equally 

866 



arrangement connected with the shuttle, one also for relaxing the reed in case the 
shuttle should be arrested in its course across the warp, whereby the danger, ordinarily 
incurred by that accident, of breaking many threads in the warp, is avoided; it wiil 
also be seen that the bands called picking bands are superseded by the ends of the 
picking levers striking the shuttle direct; thus, by these improvements, drills are 
currently woven in this loom at the rate of 120 to 130 picks per minute. 

Of late extensive trials have been made to adapt the power*lonm to the weaving of 
light linen fabrics. Previously it had been found that while coarse and strong flax 
fabrics, such as those made at Dundee, Arbroath, &c., in Scotland, and the drills made 
at Barnsley, could be produced by power as well and more cheaply than by hand, yet that 
the lighter fabrics, such as shirtings, cambrics, lawns, &c. , w ould not bear the strain of 
the power -loom, or at all events that to make them of as good appearance as by the 
hand-loom the manufacturer required to employ a dearer article of yarn, and so found 
that he could not compete with his neighbours who had hand-loom weavers. The 
scarcity of the latter in Ireland, during the last three or four years, and the advance 
in wages caused by the growing prosperity of the country, has directed the serious 
attention of the trade to the matter, and therefore manufacturers and machine makers 
have each zealously sought to remedy the defects that existed in the power-looA, as 
regards its application to the weaving of light linen fabrics, and to give repeated trials 
to new inventions. The consequence has been that, while four years ago there were 
only in Ireland fifty-two power* looms making linens of any kind, there are now nearly 
3000, and these produce all kinds of flaxen fabrics of good quality, and fairly re- 
munerative to the manufacturer. This branch of the manufacture is, how^ever, as 
yet in an embryo state. 

As respects other details of the subsequent processes which linens undergo before 
they are. placed in the market, and also the general statistics of the entire trade in 
imports and'??xports, see BLEAcnisc, Linen, &c.— J. M*A. 

FLAX SEED. See Linseed. 

FLINT, (Pierre a /usil, Vr.; Veuerstein^ Cwermi) The fracture of this fossil is per- 
fectly conchoidal, sometimes glossy, and sometimes dull on the surface. It is very 
hard, but breaks easily, and affords very sharp-edged splintery fragments; whence it is 
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a stone which strikes most copious sparks with steel. It is feebly translucid, bas so fine 
and homogeneous a texture as to hear polishing, but possesses little lustre. Its colours 
are very various, but never vivid. The blackish-brown flint is that usually found in 
the white chalk. It is often white and opaque, loses its colour in the fire, and becomes 
greyish-white, and perfectly opaque. Flints occur almost always in nodules or tuber- 
cular concretions of various and very irregular forms. 'These nodules, distributed 
among the chalk, alongside of one another and almost in contact, form extensive beds ; 
interrupted, indeed, by a multitude of void spaces, so as to present, if freed from the 
earthy matter in which they are imbedded, a species of network with meshes, very 
irregular both in form and dimension. 

The nodules of silex, especially those found in the chalk, are not always homo- 
geneous and solid. Sometimes there is remarked an organic form towards their 
centre, as a madrepore or a shell, which seems to have served as their nucleus ; 
occasionally the centre is hollow, and its sides are studded over with crystals of 
quartz, carbonate of iron, pyrites, concretionary silex or calcedony, filled with pulve- 
rulent silica nearly pure, or silex mixed with sulphur ; a very singular circumstance. 

Flints are observed to be generally humid when broken immediately after being dug 
out of the ground; a property which disappears after a short exposure to the air. 
AVhen dried they become more brittle and more splintery, and sometimes their surfaces 
get covered at old fractures with a thin film or crust of opaque silex 

Flints calcined and ground to a powder enter into the composition of all sorts of fine 
pottery ware. 

An important application of this siliceous substance was in the formation of gun- 
flints, for which purpose it was cut in a peculiar manner. The following characters 
distinguish good flint nodules from such as are Jess fit for being manufactured. The 
best are somewhat convex, approaching to globular ; those which are very irregular, 
knobbed, branched, and tuberose, are generally full of imperfection. Good nodules 
seldom weigh more than 20 pounds ; when less than 2, they are not worth the vvorking. 
They should have a greasy lustre, and be particularly smooth and fine grained 'The 
colour may vary from honey yellow to blackish-brown, but it should be uniform 
throughout the lump, and the translucency should be so great as to render letters legible 
through a slice about one-fiftieth of an inch thick, laid down upon the paper. The 
fracture should be perfectly smooth, uniform, and slightly conchoidal ; the last property 
being essential to the cutting out of perfect gun-flints. Although flint locks are now 
but rarely employed, the process of cutting the flints to shape possesses much interest. 

Four tools are employed by the gun-flint makers. 

First, a hammer or mace of iron w ith a square head, from 1 to 2 pounds weight, with 
a handle 7 or 8 inches long. The tool is not made of steel, because so hard metal 
would render the strokes too harsh, or dry, as the workmen say, and would shatter 
the nodules irregularly, instead of cutting them with a clean conchoidal fracture. 

Second, a hammer with 2 points, made of good steel well hardened, and weighing 
from 10 to 16 ounces, with a handle 7 inches long passing through it in such a way 
that the points of the hammer are nearer the hand of the workman than the centre of 
gravity of the mass. 

Third, the disc hammer or roller, a small solid wheel or flat segment of a cylinder, 
parallel to its base, only two inches and a third in diameter, and not more than 12 
ounces in weight. It is formed of steel not hardened, and is fixed upon a handle 6 
inches long, which passes through a square hole in its centre. 

Fourth, a chisel tapering and bevelled at boih extremities, 7 or 8 inches long, and 2 
inches broad, made of steel not hardened; this is set on a block of wood, whicJi serves 
also for a bench to the workmen. To the^ 4 tools a file must be added, for the pur- 
pose of restoring the edge of the chisel fiom time to time. 

After selecting a good mass of flint, the workman executes the four following oper- 
ations on it. 

\. He breaks the block. Being seated upon the ground, he places the nodule of flint 
on his left thigh, and applies slight strokes with the square hammer to divide it into 
smaller pieces of about a pound and a half each, with broad surfaces and almost even 
fractures. The blows should be moderate, lest the lump crack and split in the wrong 
direction. 

2. He cleaves or chips thejlint. The principal point is to sp’it the flint well, or to 
chip off scales of the length, thickness, and shape adapted for the subsequent formation 
of gun flints. Here the greatest dexterity and steadiness of manipulation are necessary; 
but the fracture of the flint is not restricted to any particular direction, for it may by 
chipped in all parts with equal facility. 

The workman holds the lump of flint in his left hand, and strikes with the pointed 
hammer upon the edges of the great planes produced by the first breaking, whereby 
the white coating of the flint is removed in small scales, and the interior body of the 

T 2 .5. 
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flint is laid bare ; after which he continues to detach similar scaly portions from the 
clean mass. 

These scaly portions are nearly an inch and a half broad, two inches and a half 
long, and about one-sixth of an inch thick in the middle. They are slightly convex 
below, and consequently leave in the part of the lump from which they were separated 
a space slightly concave, longitudinally bordered by two somewhat projecting straight 
lines or ridges. The ridges produced by the separation of the first scales must naturally 
constitute nearly the middle of the subsequent pieces ; and such scales alone as have 
their ridges thus placed in the middle are fit to be made into gun-flints, In this 
manner the workman continues to split or chip the mass of flint in various directions, 
until the defects usually found in the interior render it impossible to make the requi- 
site fractures, or until the piece is too much reduced to sustain the smart blows by 
which the flint is divided. 

3. He fashions the gun flints. Five different parts may he distinguished in a gun- 
flint. 1. The sloping facet or bevel part, which is impelled against the hammer of 
the lock. Its thickness should be from two to three twelfths of an inch ; for if it 
were thicker it would be too liable to break ; and if more obtuse, the scintillations 
would be less vivid. 2. The sides or lateral edges, which are always somewhat 
irregular, 3. The back or thick part opposite the tapering edge. 4. The under 
surface, which is smooth and rather concave. And, 5. The upper face, which has a 
s nail square plane between the tapering edge and the back, for entering into the upper 
claw of the clock. 

In order to fashion the flint, those scales are selected which have at least one of the 
above-mentioned longitudinal ridges ; the workman fixes on one of the two tapering 
borders to form the striking edge, after which the two sides of the stone that are to form 
the lateral edges, as well as the part that is to form the back, are successively placed 
on the edge of the chisel in such a manner that the convex surface of the flint, which 
rests on the forefinger of the left hand, is turned towards that tool. Then with the 
disc hammer he applies some slight strokes to the flint just opposite the edge of the chi- 
sel underneath, and thereby breaks it exactly along the edge of the chisel. 

4. The finishing operation is the trimming^ or the process of giving the flint a smooth 
and equal edge ; this is done by taming up the stone and placing the edge of its 
tapering end upon the chisel, in which position it is completed by five or six slight strokes 
of the disc hammer. The whole operation of making a gun-flint, which 1 have used 
so many words to describe, is performed in less than one minute. A good workman 
is able to manufacture 1000 good chips or scales in a day (if the flint balls be of good 
quality), or 300 gun-flints. Hence, in the space of three days, he can easily cleave and 
finish 1000 gun-flints without any assistance. 

Flints form excellent building materials ; because they give a firm hold to the mortar 
by their irregularly rough surfaces, and resist, by their nature, every vicissitude of 
weather. The counties of Kent, Essex, Suffolk, and Norfolk contain many substantial 
specimens of flint-masonry. 

FLOCK and FLOCKS. The first i.s finely powdered wool, used when dyed of 
various colours to prepare paper hangings. 

The second is a name given to the refuse or waste of cotton and wool, and is used 
for stuffing mattresses. 

FLOCK PAPER. Paper prepared for walls by being sized in the first instance, 
either over the whole surface or over special parts, constituting the pattern only, and 
then powdering over it flock or powdered wool which had been previously dyed. 

-FLOOKAN or FLUKAN. The name given by the Cornisb miners to veins filled 
wholly with clay. This is usually applied to such veins or lodes as are at right angles, 
or nearly so, to the true metalliferous lodes. 

FLOOR CLOTH MANUFACTURE has become of late years a very large 
branch of trade. The cloth is a strong somewhat open canvas, woven of flax with a 
little hemp, and from 6 to 8 yards wide, being manufactured in appropriate looms, 
chiefly at Dundee. A piece of this canvas, from 60 to 100 feet in length, is secured 
tight in an uprigiu open frame of oaken bars, in which position it is brushed over 
with glue size, and rubbed smooth with pumice stones ; it next receives tlie founda- 
tion coats of paint, 2 or 3 in number, first on the back side, and then on the front. 
The foundation paint, made with linseed oil and ochre, or any cheap colouring matter, 
is too thick to be applied by the brush, and is therefore spread evenly by a long narrow 
trowel, held in the right hand, from a patch of it laid on just before with a brush in the 
left hand o^the workman. Each foundation coat of the front surface is smoothed by 
pumice stone whenever it is hard enough to bear the operation. When both sides are 
dry, the painted cloth is detached from the frame, coiled round a roller, and in this 
>tate transferred to the printing room, where it is spread flat on a table, and variously 
figured and coloured devices are given to it by wooden blocks, exactly as in the block 
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printing of calicoes or papers. The blocks of the floor cloth manufacture are formed 
of two layers of white deal and one of pear tree timber, placed with their grain cross- 
ing one another alternately. There is a block for each colour in the pattern, and in each 
block those parts are cut away that correspond to the impressions given by the others ; 
a practice now well understood in the printing of two or more colours by the press. 
The faces of the blocks are so indented with fine lines, that they do not take up the 
paint in a heavy daub from the flat cushion on which it is spread with a brush, but in 
minute dots, so as to lay on the paint (somewhat thicker than that of the house 
painter) in a congeries of little dots or teeth, with minute interstices between. Ap- 
plied in this way, the various pigments lie more evenly, are more sightly, and dry 
much sooner than if the prominent part of the block which takes up the colour were 
a smooth surface. The best kinds of floor cloth require from two to three mouths 
for their production. 

From the use of the sulphate of barytes with the white lead, sometimes to the 
extent of 75 per cent, of the former, not merely in the foundation paint, but in the 
•subsequent colours with which the canvas is painted, there is a very general com- 
plaint that the floor cloths for halls, &c., where they are necessarily exposed to 
washing, very soon lose their colours and become bare, the barytes washing out, and, 
of course, removing at the same time the lead and other colours. See White J/EAd. 

FLORAN. A mining term ; tin ore scarcely perceptible in the stone; tin ore 
stamped very small. — Pryce. 

FLOSS, of the puddling furnace, is the fluid glass floating upon the iron produced 
by the vitrification of the oxides and earths which are present. See Iron. 

FLOSS-SILK {Filoselle, Buurre de soie, fleuret, Fr.) is the name given to the 
portions of ravelled silk broken off in the filature of the cocoons, which is carded like 
cotton or wool, and spun into a soft coarse yarn or thread, for making bands, shawls, 
socks, and other common silk fabrics. The flo'^s or fleuret, as first obtained, must be 
steeped in water, and then subjected to pressure, in order to extract the gummy matter, 
which renders it too harsh and short for the spinning-wheel. After being dried it is 
made still more pliant by working a little oil into it with the hands. It is now ready 
to he submitted to the carding engine, and it is spun upon the flax wheel. 

The female peasants of Lombardy generally wear clothes of homespun floss silk. Of 
late years, by improved processes, fine fabrics of this material have been produced, 
both in England and France. M. Ajac, of Lyons, manufactures a variety of scarfs 
and square shawls of bourre de soie, closely resembling those of cachevnre. 

FLOUR. The finely ground meal of wheat, and of any other corns or cerealia. See 
Bread. 

Since the analyses of grains represent the total chemical constituents of the flour, 
and the cell in which it is contained, a few analyses from the researches of Way and 
Ogston are given : — 



Whbat. 

Bablbt. 

Hopeton. 

Red Straw. 

Old Red 
Lammas. 

Chevalier. 

Unknown. 

Moldavia. 

Potassa - - - 

30-32 

29-75 

32-46 

27'43 

21-U 

31-55 

Soda - - . 

0-07 

0-64 

4-53 

0-05 

- - 

1-06 

Lime . - - 

2-.51 

3-27 

3-21 

2 79 

1-65 

1-21 

Magnesia 

12-38 

13-75 

9-56 

8-67 

7-2G 

10-17 

Sesquioxide of iron - 

0-08 

0-23 

2-06 

0-09 

2-13 

1-02 

Sulphuric acid 

0*18 

0-60 

0-32 

2-72 

1-91 

0-27 

Silica 

3-60 

2-14 

5-46 

23-60 

30-68 

24-56 

Phosphoric acid 

49-22 

49-58 

40-57 

26-01 

28-53 

28-64 


The produce of one quarter of wheat weighing 504 lbs. is, according to Mr. Hard of 


Dartlbrd — 

Flour 

- 392 lbs. 


Biscuit or fine middlings - - - 

10 


Toppings or specks - - - - 

8 


Best pollard .... 

15 


Fine pollard _ - - - 

18 


Bran and coarse pollard - - - 

- 50 


Loss 

- U ^ 



278 FLOWERS, ARTIFICIAL, MANUFACTURE OF. 


Vauquelia has given the following as the results of his examination of wheat 
flour : — 



French. 

Otiessd 

liarii. 

Otlessa 

solt. 

Paris flour 

Inferior 

flour. 

Starch - 




_ 

71*49 

56*5 

62-00 

72*8 

67-78 

Gluten - 

- 


- 

- 

10*96 

14*5.5 

1200 

10-2 

9-02 

Sugar - 

- 

- 

. 

- 

4 72 

8*48 

7*56 

4*2 

4*80 

Gum - 

- 

- 

- 

- 

3*82 

4-90 

5-80 

2-8 

4*60 

Bran - 

- 

- 

- 

- 

- - 

2-30 

1*20 

- _ 

- - 

Water - 

- 

- 

- 

- 

1000 

12*00 

10-00 

10-0 

12-00 


Atluherations q/i to detect — The first method is by specific gravity. If potato flour 
be added, which is frequently done in France, since a vessel which contains one 
pound of wheat flour will contain one pound and a half of the fecnla, the proportion of 
this adulteration may be easily estimated. If gypsum or ground bones be mixed with 
the flour, they will not only increase its density still more ; but they will remain after 
burning away the meal as ashes. 

The second method is by ascertaining the quantity of gluten which the suspected 
sample will afford, see the article Bread. The two following chemical criteria may 
also be employed. 

1st. Nitric acid has the property of colouring wheat flour of a fine orange yellow, 
whereas it affects the colour neither of fecnla nor starch. 

2nd. Muriatic acid colours good wheat flour of a deep violet, but dissolves fecula 
or starch, and forms with it a light and colourless viscous fluid, decomposable by 
alkalies. 

Sulphate of iron renders an infusion of pure flour somewhat yellow, and imparts .a 
bottle green to that which is adulterated with bean meal. — {Latsaigne.') Nitric acid 
and ammonia poured successively on good flour shows nothing remarkable ; but bean 
meal strikes a deep red colour. — (Doting.) 

The amount of ash left by the flour has been proposed by Louyet as a test of its 
purity. He says, ‘'Wheat flour yields on the average 0-8 per cent. ; rye flour. l-() j 
bean and pea meal, 3 ; linseed meal, 10 per cent, of ash.” 

FLOWERS. The name formerly given to those substances which were obtained by 
sublimation ; as the flowers of sulphur, the flowers of Benjamin, &c. 

FLOWERS, ARTIFICIAL, MANUFACTURE OF. The art of representing 
by flowers, leaves, plants, &c., vegetable nature in her ornamental productions, consti- 
tutes the business of the artificial florist. The Italians appear to have been the first 
people in Europe who excelled in the art of making artificial flowers ; but of late 
years the French have been most ingenious in this branch of industry. 

Ribbons folded in different forms and of different colours were originally employed 
for imitating flowers, by being attached to wire stems. This imitation soon gave way 
to that by feathers, which are more delicate in texture, and more capable of assuming a 
variety of flower-like figures. But a great difficulty was encountered in dyeing them 
with due vivacity. The savages of South America manufacture perfect feather flowers, 
derived from the brilliant plumage of their birds, which closely resemble the products 
of vegetation. The blossoms and leaves are admirable, while the colours never fade. 

The Italians employ frequently the cocoons of the silk-worm for this purpose ; these 
take a brilliant dye, preserve their colour, and possess a transparent velvety appearance, 
suitable for petals. Of late years, the French have adopted the finest cambric for 
making petals, and the taffeta of Florence for the leaves. M. de Bernardiere employs 
whalebone in very thin leaves for artificial flowers ; and by bleaching and dyeing them 
of various hues, he has succeeded in making his imitations of nature to be very re- 
markable. 

Gutta percha dissolved in benzole, and freed from all impurities, will when spread 
out on a sheet of glass dry into a beautifully white and delicate film, of great strength, 
and capable of receiving any colour. This has been employed in Paris in the manu- 
facture of flowers. Vegetable parchment (paper prepared by the action of sulphuric 
acid) has been employed for the same purpose in this country. See Vegetable 
Parchment. 

The colouring matters used in flower dyeing are the following : — 

For red; carmine dissolved in a solution of carbonate of potash. 

For blue t'indigo dissolved in sulphuric acid, diluted and neutralised in part by 
Spanish whitening. 

For bright yellow ; a solution of turmeric in spirit of wine. Cream of tartar 
brightens all these colours. 
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For violet ; archil, and a blue bath. 

For lilac ; archil. 

Some petals are made of velvet, and are coloured merely by the application of the 
finger dipped in the dye. 

FLUATES, more properly fluorides. (Eng. and Fr. ; Flussdure, Germ.) Com- 
pounds of fluorine and the metals ; as fiuor spar, for example, "which consists of fluorine 
and calcium. 

Fluor spar consists of — 

Fluorine 
Calcium 
Cryolite — 

Fluorine 
Sodium 
Aluminium 
Chiolite — 

Fluorine 
Sodium 
Aluminium 


- 4-8-7 

- 51-3 


- 54-2 

- 32-8 

- 13*0 

- 57*53 

- 23-78 

- 18-69 


Fluellite is fluorine and aluminium, a rare mineral found at Stennagwyne in Corn- 
wall. 

FLUKES. See Anchor. 

FLUORESCENCE, the name given to a peculiar phenomenon rendered evident 
by many crystals of fiuor spar. If we look through a crystal of fiuor spar it will ap- 
pear yellow or green as the case may be ; now if we look at it, the light falling upon 
the surface on which we look, it will appear beautifully blue or purple. Mr. Stokes, 
to whom we are indebted for a very exact examination of the whole of the phenomena 
of this class, refers this effect to an alteration of the refraction of the ray by the first 
surface upon which it falls. Sir John Herschel first drew attention to this peculiar con- 
dition as exhibited in a solution of sulphate of #iuinine in water slightly acidulated 
with sulphuric acid, Here we have a perfectly colourless solution when we look 
through it, which sends back to the eye fine blue rays when we look at the surface 
on which the solar rays fall. Sir John Herschel referred this to epipolic dispersion, 
or dispersion from the first surface of the fluid on which the light fell. There are 
many substances which appear to possess this property of altering the refraction of 
rays, or are fluorescent. Beyond this brief explanation, we cannot afford space in this 
dictionary to deal with the subject. We must refer those interested to the Philoso- 
phical Transactions, in which Mr. Stokes’s communications appeared. 

FLUORINE. The elementary base of fluoric acid, which has never yet been 
isolated. 

The power of liberating a principle from fiuor spar, which would etch glass 
was known as far back as 1670 ; Scbeele, in 1771, examined fluoric acid, and regarded 
it as an oxygen compound with an unknown element Ampere, in 1810, determined 
the fluoric acid was a compound of hydrogen and fluorine. 

Fluorine combines with most of the metals, and with hydrogen, boron, silicon, 
sulphur, and phosphorus i with chlorine, bromine, iodine, and oxygen it exhibits no 
tendency to unite. 

Symbol, F; equivalent, 19. 

FLUOR SPAR. {Chaux fluatee,Yr. Spathfluor, This mineral often 

exhibits a variety of vivid colours. It crystallises in the cubic (monometrie) system, 
with regular octahedral and tetrahedral cleavages ; spec. grav. 3-14to3'19 ; H =4*0; 
scratches calc spar, but is scratched by a steel point ; usually phosphorescent with 
heat ; at the blowpipe decrepitates and fuses into an opaque bead ; acted on by the 
acids with disengagement of a vapour which corrodes glass ; its solution affords pre- 
cipitates with the oxalates, but not with ammonia. Its constituents are, fiuorine, 
48’7 ; calcium. 51 '13 in 100. 

Fluor spar occurs subordinate to metallic veins; as to those of lead, in Derbyshire 
and Cumberland ; of tin and copper, in Cornwall, and in Saxony and Bohemia ; but it 
is found also in masses or veins, either in crystalline rocks, associated with quartz, ba- 
rytes, &c., as in Auvergne, Forez, Vosges, Norberg in Sweden ; Norway ; Petersburg ; 
Gourock, in Scotland, &c. ; or among secondary limestones, slates, and sandstones, 
in Derbyshire, Cumberland, Cornwall, and New Jersey. It exists also in the amyg- 
daloids of Scotland, and in the volcanic products of Monte Sorama at Vesuvius. The 
variously coloured specimens, called Derbyshire spar, are worked upoA the turning 
lathe into vases and other ornamental objects, 

A very beautiful variety, which has been much used for ornamental purposes, 
known from its colour as “ Blue John,” has been obtained from Tray Cliff near 
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Castleton, Derbyshire. The beautiful colour of the natural fluor has been success- 
fully imitated by exposing some of the common varieties to heat. 

Fluor spar is employed to a considerable extent in the production of hydrofluoric 
acid and for etching on glass. It is also used by lead smelters as a flux. The beautiful 
phenomenon of fluorescence is so named from the fact that many of the fluor spars 
have the power in a high degree of thus affecting the rays of light. See Fluo* 

BESCEXCE. 

FLUVIATILE {fluvius, a river), belonging to a river. 

FLUX (Eng. and Fr. ; Fluss^ Germ.) signiflos any substance capable of promoting 
the fusion of earths or metallic ores by heat. White flux is the residuum of the defla- 
gration, in a red hot crucible, of a mixture of two parts of nitre and one of cream of 
tartar. It is in fact merely a carbonate of potash, lllack flux is obtained when equal 
parts of nitre and tartar are deflagrated. It owes its colour to the carbonaceous matter 
of the tartaric acid, which remains unconsumed ; the quantity of nitre being too small 
for that purpose. The presence of the charcoal renders this preparation a convenient 
flux for reducing calcined or oxidised ores to the metallic state. Limestone, fluor spar, 
borax, and several earthy or metallic oxides, are employed as fluxes in metallurgy. 
See Metallurgy. 

FLY POWDER. Under this name they sell on the continent the black coloured 
powder obtained by the spontaneous oxidisement of metallic arsenic in the air. Va- 
rious preparations of white arsenic are used for the same purpose in this country. 
King’s yellow is much used ; it should be made by boiling together sulpfmr, lime, 
and white arsenic, but much that is sold is merely arsenic and sulphur mixed. 

Objecting on principle to the familiar use of arsenic and dangerous substances, 
a preference may be given to a substitute for the above, made by boiling quassia chips 
into a strong decoction and sweetening with loaf sugar. This seems to have deadly 
power over the flies, who can scarcely quit the liquid without imbibing a deadly 
potion, and they are seen to fall from the ceilings and walls of the rooms soon after- 
wards. Many of these compounds for killing flies are supposed by their odour to 
attract flies into the rooms. 

The inconvenience to manufacturers and others from flies, may be obviated in many 
cases where apartments are required to be kept as free as possible from them, by re- 
ference to facts recorded by Herodotus, of fishermen surrounding themselves with 
their nets to keep off the gnats. We are indebted to William Spence, Esq. F.R.S , for 
some very curious particulars respecting the common house fly communicated in a 
paper to the Entomological Society. The common house fly, will not in general 
pass through the meshes of a net. The inhabitants of Florence and other parts of 
Italy are aware of this fact, and protect their apartments by hanging network up at 
the windows, thus at all times the doors and windows may be kept wide open by hang- 
ing a light network over the aperture ; the meshes may be of considerable width, 
say enough for several flies on the wing to passthrough, and no fly will attempt to pass, 
unless there be a strong light (another window opposite, or reflection from a looking- 
glass). A knowledge of this simple means of protection from flies on the wing may 
prevent inconvenience from these intruders, and obviate the necessity for poisons to 
destroy them. — T. J. P. 

FODDER, is the name of a weight by which lead and some other metals were sold 
in this country ; but it is now rarely used. It varied in its amount in diflerent parts 
of the kingdom, being 19 J cwts. at Hull ; 21 cwts. at Newcastle ; 22 cw(s. at Stockton ; 
24 cwts. in Derbyshire. 

FOILS. Thin sheet copper silvered and bnrnished, and afterwards coated with trans- 
parent colours mixed with isinglass, employed by jewellers to improve the brilliancy 
of pastes and inferior stones. The foil is inclosed in the setting, and entirely covers 
the back of the stone, to which it imparts much of its own brilliancy. 

FOILS. Thin leaves of metal, usually alloys, of various colours, employed prin- 
cipally for heightening the brilliancy of artificial gems. 

FONDUS, is the name given by the French to a particular style of calico printing 
resembfiiig the rainbow, in which the colours are graduated or melted (fondus) into 
one another, as in the prismatic spectrum. See Calico Printing for a description 
of the process. 

FOOD. See Nutrition. 

FOOTWALL, a mining term. The wall ” or side of the rock under the mineral 
vein ; it is as commonly called the underluying tvalL 

FOOTWAY, a mining term. The ladders by which the miners descend and ascend. 

FORGE (4Eng. and Fr. ; Feuer, Germ.) is the name either of the furnace, where 
wrought iron is hammered and fashioned with the aid of heat, or the great workshop 
where iron is made malleable. The former is called a smith’s forge, the latter a 
shingling mill See Iron. 
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Fig. 867 represents a portable truck forge of a very commodious construction. 
A is the cylindric leather bellows, pressed down by a helical spring, and worked by- 
means of the handle at b, which 
moves the horizontal shaft c, with 
its two attached semicircular 
levers and chains, d is the pipe 
which conducts the blast to the 
nozzle at e. The hearth may be 
covered with a thin fire-tile or 
with cinders, f is a vice fixed 
to the strong rectangular frame. 

This apparatus answers all the 
ordinary purposes of a smith’s 
forge ; and is peculiarly adapted 
to ships, and to the execution of 
engineering jobs upon ra\h\a\s, 
or in the country. The height 
is 2 feet 6 inches •, the length is 

2 feet 9 inches ; the width 2 feet. 

"Weight about 2 cwt. 

Holrzapffel describes another 
portable forge of his own con- 
struction, possessing many advan- 
tages. 

With the manipulations of the 
forge, it is not the province of this 
work to deal. 

FORK, a mining term. A mine is said to be “in fork,” or an engine to have the 
“ water in fork.” when all the water is drawn out. 

FORMATION. A geological term, which is used to signify a group of rocks, re- 
ferred to a common origin, or belonging to the same period. 

FORMIATES. Compounds with formic acid. See Ure's Dictionary of Chemistry. 

FORMIC ACID. (^Acide Formiqu€y Fr. ; Ameisansaure, Germ.) The acid which 
exists in the bodies of ants, associated with malic acid. 

Formic acid was obtained artificially, originally by Fisher of Leeds in 1670, and 
subsequently by Dr. Hulse, by distilling red ants. 

It may be prepared by boiling 1 pan of starch with 4 of sulphuric acid, and 4 of 
water, allowing the liquor to cool, and adding gradually 4 parts of the black oxide of 
manganese and distilling. For the reactions which take place see Ure's Chemical 
Dictionary. Its formula is C-HG’HO, It is a clear colourless fluid, which crys- 
tallises below 32'^ into brilliant plates. 

FORMULAE, CHEMICAL. See Equivalents. 

FORMYLE. The hypothetical base of formic acid. 

FOSSIL {fossilisy anything dug from the earth). Formerly all minerals were called 
fossils, but the word is now restricted to express the remains of animals and plants 
found buried in the earth. 

FOSSIL IVORY. The bones and tusks of elephants and mammoths are found in 
eastern Siberia, and along the shores of the Arctic sea, in great abundance. The tusks 
are collected for sale, but it is much less valuable than the recent ivory. 

FOUNDING. In foundries attached to blast-furnaces, where from 20 to .30 tons 
of iron are made per diem, the moulds are generally mere troughs cut in the sand 
into which the melted metal flows and cools in contact with the air. The surfaces of 
the castings made in this manner present appearances which vary according to the 
quality of the iron. 

The kinds of iron adapted for founding purposes are those which are most fluid when 
melted, and which contain most carbon, and are called Nos. 1 and 2. They are dis- 
tinguished by the surface of the pig of iron, which was exposed to the air during 
cooling, being smooth, and presenting a slightly convex figure. The surfaces of Nos. 

3 and 4 pig*iron, and of the white crystalline pig-iron fmost suitable for making into 
wrought iron) present a concave figure, and the surfaces are very irregular and pitted 
with holes. The colour of the fracture, and the closeness of the grain, also indicate 
the proportion of carbon in pig-iron. 

The mixtures of metal, melting temperatures of metal, &:c., require the closest 
observation on the part of the workmen and foremen who practice iron finding, and 
these mechanics are in the practice of observing differences so minute that they 
cannot be appreciated by the chemist, or expressed in words. 

Machinery has enabled the modern fouuder, by means of railways, turn-tables, 
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travelling-cranes, and steam-power, to move at will the heaviest masses without con- 
fusion and with great expedition j but nothing but the traditions of the factory, and 
the constant habit of observation will enable him to conduct properly the melting and 
casting of metal so as to arrive at certain results. 

This is proved by the constant failures of those who undertake to make descriptions 
of castings, of which they have had no previous knowledge. 

,Each branch of foundry work must be studied in detail, and we can only pretend 
to indicate those directions in which progress has been and is being made. 

Foundry. — The process of iron smelting and the construction of furnaces having 
been described under other beads, the remaining part of the business of a foundry, viz., 
that which relates to the preparation of the moulds and moulding, will now be described. 

Mouldbig. — The art of moulding is one of the most important processes carried on 
in a foundry, and the success of the founder is directly proportioned to the skill and in- 
genuity brought to bear upon the production of the patterns and the system of moulding. 

Before metals can be cast into the variety of shapes in which they are wanted, 
patterns must be prepared of wood or metal, and then moulds constructed of some 
sufficiently infusible material capable of receiving the fluid metah Rnd retaining it 
without uniting with it until it has solidified. 

A mixture of sand and loam (packed tightly into metal boxes, called flasks) is 
generally chosen as the material for making moulds, and is employed advantageously 
for several important reasons. 

Flasks . — In modern foundries a system has been invented, by which flasks of any 
dimensions may he constructed by means of bolting together a number of rectangular 
frames of cast-iron, so arranged as to admit of being easily connected together. 

When the particular castings for which the flask has been coDStructed, or rather 
compounded, are completed, the separate pieces are unbolted, and are ready to be 
combined in some new form appropriate to the dimensions of the pattern next to be 
moulded in them. 

The loss of capital, &c., invc.sted in flasks, only occasionally used, is thus saved, as 
well as loss of time in searching for the size required. The space devoted, on the old 
system, to the reception of flasks belonging to a foundry was very large, and this 
m^ now be appropriated to other purposes. 

and l^m . — Founders formerly used, on account of price, the description 
of sand most accessible to them, but at the present time, the convenience and cheap- 
ness of railway carriage has enabled special qualities of sand to be delivered to all 
parts of England, 

For founding purposes sand is much improved by the admixture of coke, crushed 
and reduced to a flue powder, and a mill for this purpose is as necessary in every 
large foundry as those for grinding and mixing loam. 

Moulding sand must be a mixture of a large quantity of silex and a small quantity 
of alumina — the property of the latter material being to cement the grains of silex 
together. Loam consists of the same materials mingled in opposite proportions. 

The preparation of loam for those purposes for which sand is not adapted, is an 
important duty in a foundry, for a great quantity of loam cores have to be made and 
dried in proper ovens, which is a tedious operation. 

Many castings, such as the screws for steamers, are more conveniently cast in 
moulds constructed of wet loam. These are shaped to the required form when the 
clay is moist, and then carefully dried afterwards. 

Other casting are of such peculiar shapes that they can only be produced in 
moulds that take in a vast number of pieces. These moulds are then formed of a 
number of pieces of hardened sand, held together by strips of iron or of plaster, if 
the sand used is not coherent enough of itself. 

Compounds of silex and alumina are very infusible, and when moistened with water 
and faced with carbonaceous matter, they are capable of receiving the most delicate 
impressions from the patterns which the founder employs. 

Grains of sand are so irregular in shape themselves that they leave innumerable 
irregular spaces between them, and these intervals form a net work of channels 
which permit the rapid escape of the gases, which are so violently generated by the 
contact of hot metal falling upon wet sand. 

Machine Castings. — Every year, engineers order castings to be prepared of more 
difficult and complicated forms, and with greater perfection of surface then they have 
required before. 

The reason of this is, that with the progress of the mechanical arts larger and 
stronger m?r?hines are continually being introduced. In these machines greater 
steadiness of cast-iron frame work is necessary, than can conveniently be obtained 
when the frame is made out of a number of pieces of iron cast separately and then 
bolted together. It would be impossible to mould large frames with pieces projecting 
on all sides (prepared to receive the moving parts of the machines), and jutting out 
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in contrary directions, in any flasks filled with wet sand, for the pattern never could 
he removed without destroying the impression. To meet these difficulties the modern 
ironfounder has had to follow those plans which were first proved practicable by 
those who have devoted themselves to casting bronze statues. In founding, as in so 
many other branches of manufacture, the discoveries made in prosecuting the fine 
arts have been advantageously adopted by those engaged in works of utility. 

False Cores. — The introduction of the drawbacks, or false cores, made of sand 
pressed hard (and admitting of taking to pieces by joints, at each of which a layer of 
partiug sand is prepared), used for figure casting, enables the moulder to work at his 
leisure, without fearing that his mould may tumble to pieces, and also enables him to 
fashion these drawbacks or cores into the most complicated forms, with the power to 
remove them while the pattern is removed, and build them up again round the empty 
space (formerly occupied by the pattern) with the greatest facility and accuracy. 

The workmen, whose occupation is to knead the sand into the forms required 
by the founder, are termed moulders, and they form a very numerous body of 
mechanics, demanding and receiving high wages. 

The moulder has often only his sand, his flasks, cranes, and a few simple tools (for 
smoothing rough places, and for repairing the places in the sand where the mould 
has broken away during the lifting of the pattern) ; he has to make proper arrangements 
for the exit of the atmospheric air which leaves the mould as the fluid metal takes 
its place ; and he is expected to produce au exact copy in metal from any pattern, 
simple or complicated, which may be brought before him. 

It will be evident that to produce a good result with such imperfect appliances as 
the ordinary moulder uses, a skilful workman must be employedi, and time expended 
in proportion to the difficulty of the operations to he performed. 

Where only a few impressions from a model are required, it is not worth while 
to spend money in making expensive patterns, or providing those appliances which 
may enable patterns to be moulded with facility and little skill ; but where thousands 
of castings are wanted of one shape, it is expedient to spend money and skill on 
patterns and tools, and reduce the work of the moulder to its minimum. 

Managemevt. — The best managed foundry is not thaf in which good castings are 
ohtairfed by the employment of skilled woikmen at a great expense, and without 
trouble or thought on the part of the principal, but rather that in which the patterns 
have been constructed with a special reference to their being cast with the minimum 
of skill and the maximum of accuracy. It is only by the forethought and calculation 
of the manager that subsequent operations can be reduced to their smallest cost; and 
in the foundry, as in all otlier manufactories, the true principles of economy are only 
practised where the head work of one person saves the manual labour of a large number. 

Improvements . — The attention of founders has been turned — 1st, to the methods 
by which the labour of making moulds in sand might be reduced; 2nd, to the intro- 
duction of improvements in the mode of constructing patterns and moulds ; and 3rd, 
to the manufacture of metallic moulds for those purposes for which they could be 
applied. A great progress has been made during the last twenty years in these 
different directions. 

Machine Moulding. — In the large industry carried on for the production of 
cast-iron pipes for the conveyance of water and gas, machinery has been applied so 
that the operation of pipe-moulding is performed almost without manual labour, with 
great rapidity and precision. The cost of pipes at tlio present time is only about 2/. 
per ton above the value of pig-iron, out of wliich they are made. A sum very small 
when it is considered that the iron has to be re-melted, an operation involving both 
a cost of fuel and a loss of 5 to 20 percent, of the iron in the cupola. An ingenious 
machine for moulding in sand, spur and bevel wheels of any pitch or diameter has 
been employed in Lancashire ; the advantage being that the machine moulding-tool 
acts directly upon the sand without the intervention of any pattern or mould. In any 
large foundry there is an enormous accumulation of costly wheel-patterus, takiug up 
a great deal of space, and these can now be dispensed with by substituting the wheel 
moulding-machine. Railway chairs are moulded in a machine ; and plough shares, which 
although only weighing a few pounds each, are sold at the low rate of 8/. a ton, are 
moulded in a machine. 

Plate Casti7ig. — Under the next class of improvements the introduction of plate- 
casting has been the most fruitful of good results. 

One great source of expense and trouble in a foundry is the injury done to patterns 
and to their impressions in the sand by the necessity, under the ordinary system of 
moulding, of .striking the pattern, or pushing it first in one directiou^and then in 
another m order to loosen it. Now, the object of the machinist is to construct all 
his spindles, bearings, bolts, and wheels, of specified sizes, and then to cast the framing 
of his machine so accurately that the working parts may fit into the frame without 
any manual labour. In order to cfiect this, every projection and every aperture in 
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the casting most he at an exact distance, and this can only be attained by cn^ploying 
such a system as that of plate-casting, where the pattern is attached firmly to a plate, 
and it is impossible for the mouider to distort or injure the impression. Plate-casting 
has been long known, but was practically confined for many years to the production 
of small articles, such as cast nails and rivets. 

In a plate-mould for rivet-casting, the shafts of the rivets are attached to one side of 
the plate, which is ^-in. thick, and planed on both sides. The heads of the rivets are 
on the opposite side of the jdate. The guides on the upper and lower flask admit 
the plate to fit between them, and when the plate is withdrawn the upjier and 
lower flask close perfectly, and are in all respects like ordinary moulders’ flasks. 
The principle of moulding is very simple, and can be performed without skilled 
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labour ten times as fast as ordinary moulding, and with far greater accuracy. 
The plate is inserted between the upper and Io«er flasks, and sand is filled in; 
the plate is then withdrawn by simply lifting it ; the guides prevent any shaking 
in this operation ; when the flasks are closed the impression of the head of each 
rivet is exactly perpendicular to its shaft. The first expense of patterns and 
plates of this description is large, but the accuracy and rapidity of the process of 
moulding is so advantageous as to cause us to look to the applications of plate-castings 
becoming very extensive, since the requirements of the inacliinc maker demand every 
year better castings at lower prices. 

When both sides of a pattern are symmetrical one half only need be attached to 
the smooth plate, the other face of the plate being left blank. An impression of the 
pattern must be taken off both in the upper and lower flask, and when these are united 
the result will be the same as if both sides of the plate had been moulded from. For 
unsymmetrical patterns both sides of the plate must be employed. The system of 
using plates with apertures iu them, through which patterns could be pushed afld 
withdrawn by means of a lever, was first employed in casting brass nails. A modifi- 
cation of this system has been extensively emphiyed at Woohv ich for moulding shot 
and shells, in the following manner: — 

Shell Casting. — A circular aperture is made in a horizontal planed plate of iron, 
two inches thick. Through this a sphere of iron, of the same diameter as tlie aper- 
ture. is pushed until exactly a hemisphere appears above the plate. The lower flask 
is put on to the plate, and sand filled in ; the lever being relieved the sphere falls by its 
own weight ; the lower flask is removed and the upper flask put on the plate ; the sphere 
is pushed through the plate as before, sand filled in, with great rapidity and accuracy. 

The sand cores for filling up that part of the shell which is to be hollow are also 
carefully and quickly made at Woolwich. The halves of the core-mould, open and 
shut with a lever, so that the bad plan of striking the core-mould is avoided as com- 
pletely as the bad plan of striking the pattern is in the process of moulding shot and shell. 

Theory of Casting . — Before leaving the subject of the use of sand moulds, we may 
remark that iron and brass castings with a perfect surface can only be produced when 
the mould is well dried and heated, so as to drive out any moisture from the apertures 
between the grains of sand. By this means channels are opened for the rapid escape 
of the heated air and gas expelled by the entrance of the fluid metal into the mould, 
and the surface of the metal is not cooled by its contact with damp or cold sand. 
It is also well to mix charcoal dust, or coke dust, with the sand ; and for fine castings 
to cover the §firface of the sand with a coating of charcoal dust. The object of this 
proceeding is to reduce the oxide which may be present in the metal. This operation 
of reducing the oxide of a metal instantaneously is performed with the greatest cer- 
tainty by this simple means, invented, probably, by the earliest metallurgists. By 


FOUNDING. 


285 


incorporating a quantity of charcoal or coke-dust with the sand, or facing the sand 
with carbonaceous matter, any oxide of the metal which may bo floating amongst 
the pure metal is at once reduced. Sand (being a non-conductor) does not ab- 
stract the heat from the fluid metal rapidly, and, therefore, solidification of the 
metal takes place comparatively regularly and equally throughout the mass ; when 
one part of the casting solidifies before the adjoining part, flaws often occur, and to 
avoid these the skill of thg practical founder is necessary in arranging for the entrance 
of the metal at the proper point, and for the exit of the air. 

■\Ve next proceed to the third class of improvements in moulding, that of the exten- 
sion of the application of metallic moulds. 

Metal Moulds . — The practice of easting bronze weapons in moulds made of bronze 
(blackened over on their surface to prevent the fluid metal uniting with the mould) 
appears to have been a very general one among the ancients. 

Some moulds of this description liave been discovered amongst the Celtic (?) 
remains disinterred in difi'erent parts of Europe. 

The facility for the e.scajie of the heated air and gases from the sand moulds into 
which IhiuIJ metal is poured, is so much greater than that from moulds of metal, that 
at the present time neither brass nor iron is poured into metallic moulds, except when 
a particular purpose is to be attained, viz., that of chilling the surface of the iron and 
making it as hard as steel. Iron cannot be chilled or hardened in a sand mould. 

( hilled Iron . — This process of casting in metal moulds was once supposed to be a 
modern invention ; but it now appears, from the metal moulds discovered among the 
remains of the Celtic race throughout Europe, that the bronze weapons of the people 
who preceded the Romans were generally cast in metallic moulds, and not in sand. 
Chilled castings have been brought to great perfection by Messrs. Ransome, of Ipswich. 
Their chilled ploughshares and chilled railway chairs are cast in moulds of such a con- 
struction that the melted iron comes in contact with iron in those parts of the moulds, 
wliere it is wanted to be chilled. A section of the casting shows the effect of chilling. 

Zinc. — In casting zinc (a cheap and abundant metal), which fuses at a low tempera- 
ture, metallic moulds may bo most advantageously used. It is, however, necessary to 
heat the iron or bra.ss mould nearly to the temperature of melting zinc, in order that the 
rapid abstraction of heat from the fluid metal may be prevented. The preparation of 
metal moulds, and the casting soft metal in them is now an extensive and important 
industry on the Continent, for ornamental zinc castings have suddenly come into ex- 
tensive use in consequence of the discovery of the electrotyping process. AVben covered 
with a thin coating of brass or copper by a galvanic battery, zinc may be bronzed so 
as to present almost the exact external appearances of real bronze at a tenth of the cost. 

When metal moulds are used their first cost is very great, as they must be made in 
numerous separate pieces so as to liberate the castings. The joints and ornaments 
have to be chased and accurately fitted at a great expense. Their use, how'ever, re- 
quires no skill in the workman, and the rapidity with which the zinc is cast, the mould 
taken to pieces, and the casting removed, renders the operatftin a very rapid and econo- 
mical one. — A. T. 

Such is a general view of the practice of founding. The details, however, which 
are contained in the original article in the last edition of this dictionary, appear so 
valuable that that article is retained in addition to the above. 

The essential parts of a well-mounted iron foundry, are, 

1. Magazines for pig irons of different qualities, which are to he mixed in certain 
proportions, for producing castings of peculiar qualities; as also for coal, coke, sands, 
clay, powdered charcoal, and cow-hair for giving tenacity to the loam mouldings. 

2. One or more coke ovens. 

3. A workshop for preparing the patterns and materials of the moulds. It should 
contain small edge millstones for grinding and mixing the loam, and another mill 
for grinding coal and charcoal. 

4. A vast area, called properly the foundry, in which the moulds are made and filled 
with the melted metal. These moulds are in general very heavy, consisting of two 
parts at least, which must be separated, turned upside down several times, and replaced 
very exactly upon one another. The casting is generally effected by means of 
ladles or pots, in whicli the melted iron is transported from the Cupola where itiis 
fused. Hence the foundry ought to be provided with cranes, having jibs movable in 
every direction. 

5. A stove in which such moulds may be readily introduced, as require to be 
entirely deprived of humidity, and where a strong heat may be uniformly maintained. 

6. Both blast and air furnaces, capable of melting speedily the quantity of cast-iron 
to be employed each day. 

7. A blowing machine to urge the fusion in the furnaces. 

Fuj. 869, represents the general plan of a well-mounted foundry. 
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a, 18 a cupola furnace ; it is capable of containing 5 tons of cast-iron. 

a', is a similar furnace, but of smaller dimensions, for bringing down 1] tons. 

a", is a furnace like the first, in reserve for great castings. 

6 6 6 6, a vast foundry apartment, whose floor to a >ard in depth, is formed of 
sand and charcoal powder, which have already been used for castings, and are ready 
for heaping up into a substratum, or to be scooped out when depth is wanted for the 
moulds. There are besides several cylindr'cal jiits, from five to seven yards in depth, 
placed near the furnaces. They are lined with brick work, and are usually left full 
of moulding sand. They are emptied in order to receive large moulds, care being 
had that their top is always below the orifice from which the melted metal is tapped. 

These moulds, and the ladles full of melted metal are lifted and transported by 
the arm of one or more men, when their weight is moderate ; but if it be considerable, 

they are moved about by cranes, whose vertical 
shafts arc placed at c, t/, c, in correspondence, so 
that they may upon occasion transfer the load 
from one to another. Each crane is composed 
pnncipaliy of an upright shaft, embraced at top 
by a collet, and turning below upon a pivot m 
a step; next of a horizontal beam, stretched out 
from nearly the top of the former, with an 
oblique stay running downwards, like that of a 
gallows. The horizontal beam supports a 
movable carriage, to which the tackle is sus- 
pended for raiding the weights. This carriage 
is made to glide backwards or forwards along 
the beam by means of a simple rack and pinion 
mechanism, whose long handle descends within 
reach of tlie workman’s hand. 

By these arrangements in the play of the three cranes, masses weighing fire tons 
may be transported and laid down with the greatest precision upon any point whatever 
in the interior of the three circles traced upon^^. 869, with tlie points c, f/, e, as centres. 

c, d, €, are the steps, upon which the upright shafts of the three cranes rest and 
turn. Each shaft is 16 feet high. 

//, is the drying stove, having its floor upon a level with that of the foundry. 
f is a supplementary stove for small articles. 

9 9 9't are tfie coking ovens. 
h is the blowing machine or fan. 

1 , is the steam-engine, for driving the fan, the loam-edge stones, 

A, and the charcoal mill. 

i', are the boiler and the furnace of the engine. 

k'f workshop for preparing the loam and other materials of moulding. 

1. is the apartment for the patterns. 

The pig-iron, coals. &o., are placed either under sheds or in the open air, round the 
above buildings ; where are also a smith’s forge, a carpenter’s shop, and an apartment 
mounted with vices for chipping and rough cleaning the castings by chisels and files. 
Such a foundry may be erected upon a sijuare surlace of about 80 yards on each side, 
and will he capable, by casting in the afternoon and evening of each day, partly in 
large and partly in small pieces, of turning out from 700 to 800 tons per annum, with 
an establishment of 100 operatives, including some moulding boys. 

Of making the Moulds. — 1 . Each mould ought to present the exact form of its object. 

2. It should have such solidity that the melted metal may be poured into it, and fill 
it entirely without altering its shape in any point. 

3. The air which occupies the vacant spaces in it, as well as the carhuretted gases 
generated by the heat, must have a ready vent; for if they are but partially confined, 
they expand by the heat, and may crack, even blow up the moulds, or at any rate 
become dispersed through the metal, making it vesicular and unsound. 

V' There are three di.«tinct methods of making the moulds : — 

1. In green sand ; 2. In baked sand ; 3. In loam. 

To enumerate the different means employed to make every sort of mould exceeds 
the limits prescribed to this work. We shall merely indicate for each species of 
moulding, what is common to all the operations ; and then describe the fabrication 
of a few such moulds as appear most proper to give general views of this peculiar art 
Moulding in green sand. — The name green is given to a mixture of the sand as it 
comes fromTiS native bed, with about one twelfth its bulk of coal reduced to powder, 
and damped in such a manner as to form a porous compound, capable of preserving 
the forms of the objects imf^essed upon it. This sand ought to be slightly argillaceous, 
with particles not exceedmg a pin's head in size. When this mixture has once served 
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for a mould, and been filled witb metal, it cannot be employed again except for the 
coarsest castings, and is generally used for filling up the bottoms of fresh moulds. 

For moulding any piece in green sand, an exact pattern of the object must be pre- 
pared in wood or riietal ; the latter being preferable, as not liable to warping, 
swelling, or shrinkage. 

A couple of iron frames form a case or box, which serves as an envelope to the 
mould. Such boxes constitute an essential and very expensive part of the furniture 
of a foundry. It is a r^tangular frame, without bottom or lid, whose two largest 
sides are united by a series of cross bars, parallel to each other, and placed from 6 to 
8 inches apart. 

The two halves of the box carry ears corresponding exactly with one another ; of 
which one set is pierced with holes, but the other has points which enter truly into 
these holes, and may be made fast in them by cross pins or wedges, so that the pair 
becomes one solid body. Within this frame there is abundance of room for containing 
the pattern of the piece to be moulded with its encasing sand, which being rammed into 
the frame, is retained by friction against the lateral faces and cross bars of the mould. 

When a mould is to be formed, a box of suitable dimensions is taken asunder, and 
each half, No. 1 and No. 2, is laid upon the floor of the foundry. Green sand is 
thrown with a shovel into No. 1 so as to fill it; when it is gently pressed in with a 
rammer. The object of this operation is to form a plane surface upon which to lay in 
the pattern with a slight degree of pressure, varying with its shape. No. 1 being 
covered with sand, the frame No. 2 is laid upon it, so as to form the box. No. 2 
being now filled carefully with the green sand, the box is inverted, so as to place 
No. 1 uppermost, which is then detached and lifted off in a truly vertical position ; 
carrying with it the body of sand formed at the commencement of the operation. The 
pattern remains imbedded in the sand of No. 2, which has been exactly moulded upon 
a great portion of its surface. The moulder condenses the sand in the parts nearest 
to the pattern, by sprinkling a little water upon it, and trimming the ill-shaped parts 
with small iron trowels of different kinds. He then dusts a little well-dried finely- 
sifted sand over all the visible surface of the pattern, and of the sand surrounding it ; 
this is done to prevent adhesion when he replaces the frame No. 1. 

He next destroys the preparatory smooth bed or area forn)ed in this frame, covers 
the pattern with green sand, replaces the frame 1 upon 2 to reproduce the box, and 
proceeds to fill and ram No. 1, as be had previously done No. 2. The object of this 
operation is to obtain very exactly a concavity in the frame No. 1, having the shape 
of the part of the model impressed coarsely upon the surface formed at the beginning, 
and which was meant merely to support the pattern and the sand sprinkled over it, 
till it got imbedded in No. 2, 

The two frames in their last position, along with their sand, maybe compared toabox 
of which No.l is the lid, and whose interior is adjusted exactly upon the enclosed pattern. 

If we open this box, and after taking out the pattern, close its two halves again, 
then pour in melted metal till it fill every void space, and become solid, we shall 
obviously attain the wished-for end, and produce a piece of cast iron similar to the 
pattern. But many precautions must still be taken before we can hit this point. We 
must first lead through the mass of sand in the frame No. 1, one or more channels for 
the introduction of the melted metal ; and though one may suffice for this purpose, 
another must be made for letting the air escape. The metal is run in by several 
orifices at once, when the piece has considerable surface, but little thickness, so that 
it may reach the remotest points sufficiently hot and liquid. 

The parts of the mould near the pattern must likewise be pierced with small holes, 
by means of wires traversing the whole body of the sand, in order to render the mould 
more porous, and to facilitate the escape of the air and tlie gases. Then, before lifting 
off the frame No. 1, we must tap the pattern slightly, otherwise the sand enclosing it 
would stick to it in several points, and the operation would not succeed. These gentle 
jolts are given by means of one or more pieces of iron wire which have been screwed 
vertically into the pattern before finally ramming the sand into the frame No. 1, or 
which enter merely into holes in the pattern. These pieces are sufficiently long to 
pass out through the sand when the box is filled ; and it is upon their upper ends that 
the horizontal blows of the hammer are given ; their force being regulated by the 
weight and magnitude of the pattern. These rods are then removed by drawing them 
straight out ; after which the frame No. 1 may be lifted off smoothly from the pattern. 

The pattern itself is taken out, by lifting it in all its parts at once, by means of 
screw pins adjusted at the moment. This manoeuvre is executed, for large pieces, 
almost always by several men, who while they lift the pattern with on^'haud, strike 
it with the other with small repeated blows to detach the sand entirely, in which it is 
generally more engaged than it was in that of the frame No. 1. But in spite of all 
these precautions, there are always some degradations in one or other of the two ports 



288 


FOUNDING, 


of the mould; which are immediately repaired by the workman with damp sand, 
which he applies and presses gently with his trowel, so as to restore the injured forms. 

Hitherto it has been supposed that all the sand rammed into the box is of one 
kind; but from economy, the green sand is used only to form the portion of the mould 
next the pattern, in a stratum of about an inch tluck ; the rest of the surrounding space 
is filled with the sand of the floor which has been used lu former castings. The interior 
layer round the pattern is called in this case, new mnd. 

It may happen that the pattern is too complex to be taken out without damaging the 
mould, by two frames alone ; then three or more are mutually adjusted to form the box. 

When the mould, taken asunder into two or more parts, has been properly repaired, 
its interior surface must be dusted over with wood charcoal reduced to a Tcry fine 
powder, and tied up in a small linen bag, which is shaken by hand. The charcoal is 
thus sifted at the moment of application, and sticks to the whole surface which has 
been previously damped a little. It is afterwards polished with a fine trowel. Some- 
times, in order to avoid using too much charcoal, the surfaces are finally dusted over 
with sand, very finely pulverised, from a bag like the charcoal. The two frames are 
now replaced with great exactness, made f^t together by the ears, with wedged bolts 
laid truly level, or at the requisite slope, and loaded with considerable weights. When 
the casting is large, the charcoal dusting, as well as that of fine sand, is suppressed. 
Every thing is now ready for the introduction of the fused metal. 

Moulding in baked or used sand. — The mechanical part of this process is the same as 
that of the preceding. But when the castings are large, and especially if they arc tall, 
hydrostatic pressure of the melted metal upon the sides of the mould cannot be counter- 
acted by the force of cohesion which the sand acquires by ramming. We must in 
that case adapt to each of these frames a solid side, pierced with numerous small holes 
to give issue to the gases. This does not form one body with the rest of the frame, 
but is attached extemporaneously to it by bars and wedged bolts. In general no 
ground coal is mixed with this sand. ‘Whenever the mould is finished, it is trans- 
ferred to the drying stove, where it may remain from twelve to twenty-four hours at 
most, till it be deprived of all its humidity. The sand is then said to be baked, or 
annealed. The experienced moulder knows how to mix the different sands placed at 
his disposal, so that the mass of the mould as it comes out of the stove, niny preserve 
its form, and be sufficiently porous. Such moulds allow the gases to pass through 
them much more readily than those made of green sand ; and in general the castings 
they turn out are less vesicular, and smoother upon the surface. 8emetimes in a large 
piece, the three kinds of moulding, that in green sand, in baked sand, and in loam, 
are combined to produce the best result. 

Moulding in loam. — This kind of work is executed from drawi^ngs of the pieces to 
be moulded, without being at the expense of making patterns. The mould is formed 
of a pasty mixture of clay, water, sand, and cow’s hair, or other cheap filamentous 
matter, kneaded together in w hat is called the loam mill. The proportions of the 
ingredients are varied to suit the nature of the casting. When the paste requires to 
be made very light, horse dung or chopped straw is added to it. 

We shall illustrate the mode of fabricating loam moulds, by a simple case, such as that 
of a sugar pan. Fig. 870 is the pan. There is laid upon the floor of the foundry, an 
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annular platform of cast-iron, a^lyfig. 871 ; and upon its centre c, rests the lower extre- 
mity of a vertical shaft, adjusted so as to turn freely upon itself, while it makes a 
wooden pattern efjig. 872, describe a .surface of revolution identical with the internal 
surface reversed of the boiler intended to be made. The outline e g. of the pattern is 
fashioned so as to describe the surface of the edge of the vessel. Upon the part a^d, 6, rf, 
Jig. 872, of the flat cast-iron ring, there must next be constructed, with bricks laid 
either fiat or on their edge, and clay, a kind of dome, h iky Jig. 872, from two to four 
inches thick, according to the size and weight of the piece to be moulded. The ex- 
ternal surface? of the brick dome ought to be everywhere two inches distant at least, 
from the surface described by the arc Before building up the dome to the point 
i. coals are to be placed in Us inside upon the floor,^ which may be afterwards kindled 
for drying the mould. The top is then formed, having at i, round the upright shaft 
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of revolution, only a very small outlet This aperture, as also some others left under 
the edges of the iron ring, enable the moulder to light the fire when it becomes neces- 
sary, and to graduate it so as to make it last long enough without needing more fuel, 
till the mould be quite finished and dry. The combustion should be always extremely 
slow. 

Over the brick dome a pasty layer of loam is applied, and rounded with the mould ‘ 
g, e^f\ this surface is then coated with a much smoother loam, by means of the concave 
edge of the same mould. Upon the latter surface, the inside of the sugar pan is cast; 
the line e g having traced, in its revolution, a ledge, w. The fire is now kindled, and 
as the surface of the mould becomes dry, it is painted over by a brush with a mixture 
of water, charcoal powder, and a little clay, in order to prevent adhesion between the 
surface already dried and the coats of clay about to be applied to it The board g ef 
is now remov^ and replaced by another, g’ ^ 874, whose edge ef f describes 

the outer surface of the pan. Over the surface e,y*, a layer of loam is applied, which 
is turned and polished so as to produce the surface of revolution e’ f'y as was done for 
the surface e f ; only in the latter case, the line e! ^ oi the board does not form a new 
shoulder, but rubs lightly against m. 

The layer of loam included between the two surfaces e f e'/*', is an exact represen- 
tation ol the sugar pan. When this layer is well dried by the heat of the interior fire, 
it must he painted like the former. The upright shaft is now removed, leaving the 
small vent hole through which it pas^d to promote the complete combustion of the coal 
There must he now laid horizontally upon the ears of the platform d d^Jig. 871* ano- 
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tlier annular platform p g, like the former, but a little larger, and without any cross.bar. 
I'he relative position of these two platforms is shown in jfig, 875. Upon the surface 
ef J'\ fig. 874, a new layer of loam is laid, two inches thick, of which the surface is 
smoothed by hand. Then upon the platform p fig. 87 5, a brick vault is constructed, 
whose inner surface is applied to the layer of loam. This contracts a strong adherence 
with the bricks which absorb a part of its moisture, while the coat of paint spread over 
the surface ef fy prevents it from sticking to the preceding layers of loam. The brick 
dome ought to be built solidly. 

The whole mass is now to be thoroughly dried by the continuance of the fire, the 
draught of which is supported by a small vent left in the upper part of the new dome; 
and when all is properly dry, the two iron platforms are adjusted to each other by pin 
points, and p ? is lifted off, taking care to keep it in a horizontal position. Upon this 
platform are removed the last brick dome, and the layer of loam which had been appi led 
next to it ; the latter of which represents exactly by its inside the mould of the surface 
e' f\ that is, of the outside of the pan. The crust contained between e f and e'/' is 
broken away, an operation easily done without injury to the surface e fi which repre- 
sents exactly the inner surface of the pan ; or only to the shoulder m, corresponding to 
the edge of the vessel. The top aperture through which the upright shaft passed must 
be now closed ; only the one is kept open in the portion of the mould lifted off upon 
p q ; because through this opening the melted metal is to be poured in the process of 
casting. The two platforms being replaced above each other very exactly, by means 
of the adjusting pin-points, the mould is completely formed, and re^y for the reception 
of the metal. 

When the object to be moulded presents more complicated forms than the one now 
chosen for the sake of illustration, it is always by analogous processes that the workman 
constructs his loam moulds, but his sagacity must hit upon modes of executing many 
things which at first sight appearto be scarcely possible. Thus, when the forms of the 
interior and exterior do not permit the mould to be separated in two pieces, it is divided 
into several, which are nicely fitted with adjusting pins. More than two cast-iron 
rings or platforms are sometimes necessary. When ovals or angular surfa?ts must be 
traced instead of those of revolution, no upright shaft is used, but wooden or cast-iron 
guides made on purpose, along which the pattern cut-out board is slid according to the 
drawing of the piece. Iron wires and claws kre often interspersed through the brick 
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irork to give it coliesion. The core, kernel, or inner mould of a hollow casting is fre- 
quently fitted in when the outer shell is moulded. The case of a gas-light retort, Jig. 
876, will illustrate this matter. The core of the retort ought to have the form e e e e, 
and be very solid, since it cannot be fixed in the outer mould for the casting, except in 
the part standing out of the retort towards m m. It must be modelled in loam, upon 
a piece of cast-iron called a lantern^ made expressly for this purpose. The lantern is a 
cylinder or a truncated hollow cone of cast iron, about half an inch thick ; and differ- 
ently shaped for every diff*erent core. The surface is perforated with holes of about 
half an inch in diameter. It is mounted by means of iron crossbars, upon an iron axis, 



which traverses it in the direction of its length. Fig. 877 represents a horizontal 
section through the axis of the core; g h is the axis of the lantern, figured itself at i h 
k i'y 0 i 2 0 is a kind of disc or dish, perpendicular to the axis, open at i i, forming one 
piece with the lantern, whose circumference oo presents a curve similar to the section 
of the core, made at right angles to its axis. We shall see presently the two uses for 
which this dish is intended. The axis gh is laid upon two gudgeons, and handles are 
placed at each of its extremities, to facilitate the operation in making the core. Upon 
the whole surface of the lantern, from the point h to the collet formed by the dish, a 
hay cord as thick as the finger is wound. Even two or more coils may be applied, as 
occasion requires, over which loam is spread to the exact form of the core, by appi) ing 
with the hand a board, against the dish o o, with its edge cut out to the desired shape ; 
as also against another dish, adjusted at the time towards k ; while by means of the 
handles a rotatory movement is given to the whole apparatus. 

The hay interposed between the lantern and the loam, which represents the crust of 
the core, aids the adhesion of the clay with the cast iron of the lantern, and gives passage 
to the holes in its surface, for the air to escape through in the casting. 

When the core is finished, and has been put into the drying stove, the axis g h is 
taken out, then the small opening which it leaves at the point A, is plugged with clay. 
Thi.s is done by supporting the core by the edges of the dish, in a vertical position. It 
is now ready to be introduced into the hollow mould of the piece. 

This mould executed in baked sand consists of three pieces, two of which, absolutely 
similar, are represented,^^. 878, at p < 7 , the third is shown at r «, The two similar 
parts p g, present each the longitudinal half of the 
nearly cylindrical portion of the outer surface of the 
gas retort; so that when they are brought together, 
the cylinder is formed; r « contains in its cavity the 
kind of hemisphere which forms the bottom of the 
retort. Hence, by adding this part of the mould to 
the end of the two others, the resulting apparatus pre- 
sents, in its interior, the exact mould of the outside of 
the retort ; an empty cylindrical portion 1 whose 
axis is the same as that of the cylinder u w, and whose 
surface, if prolonged, would be every where distant 
from the surface uu, by a quantity equal to the desired 
thickness of the retort. The diameter of the cylinder 
^ < is precisely equal to that of the core, which is 
slightly conical, in order that it may enter easily into 
this aperture 1 1 , and close it very exactly when it is 
introduced to the collet or neck. 

The three parts of the mould and the core heing prepared, the two pieces p tj, must 
first be united, and supported in an upright position ; then the core must be let down 
into the opening 1 1, Jig 879. \\ hen the plate or disc o o of the core is supported upon 

the mould, we must see that the end of the core is everywhere equally distant front 
the edge of the external surface « «, and that it does not go too far beyond the line q q- 
Should there be an inaccuracy, we must correct it by slender iron sUps placed under 
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the edge of the disc oo\ then by means of a cast iron cross, and screw bolts v v, we fix 
the core immovably. The whole apparatus is now set down upon r s, and we fix with 
screw bolts the plane surface q q upon r r; then introduce the melted metal by an 
apert'jre z, which has been left at the upper part of the mould. 

Whei^ instead of the example now selected, the core of the piece to be cast must go 
beyond the mould of the external surface, as is the case with a pipe open at each end, 
the thing is more simple, becmise we may easily adjust and fix the core by its two 
ends. 

In casting a retort, the metal is poured into the mould set upright. It is important 
to maintain this position in the two last examples of casting; for all the foreign matters 
w hich may soil the metal during its flow, as the sand, the charcoal, gases, scoriae, being 
less dense than it, rise constantly to the surface. The hydrostatic pressure prefaced 
by a high gate, or filling- in aperture, contributes much to secure the soundness and 
solidity of the casting. This gate piece being superfluous, is knocked off almost im* 
mediately after, or even before the casting cools. Very long, and somewhat slender 
pieces, are usually cast in moulds set up obliquely to the horizon. As the metal shrinks 
in cooling, the mould should always be somewhat larger than the olyect intended to 
be cast. The iron founder reckons in general upon a linear shrinkage of a ninety- 
sixth part ; that is one-eighth of an inch per foot. 

Melting of the cast-iron . — The metal is usually melted in a cupola furnace, of which 
the dimensions are very various. Fig. 880 represents in plan, section, and elevation, 



one of these furnaces of the largest size; being capable of founding 5 tons of cast-iron 
at a time. It is kindled by laying a few chips of wood upon its bottom, leaving the 
orifice c open, and it is then filled up to the throat with coke. The fire is lit at c, and 
in a quarter or half an hour, when the body of fuel is sufficiently kindled, the tuyere 
blast is set in action. The flame issues then by the mouth as well as the orifice c, 
which has been left open on purpose to consolidate it by the heat. Without this pre- 
caution, the sides, which are made up in argillaceous sand after each day’s work, would 
not present the necessary resistance. A quarter of an hour afterwards, the>«)rifice c is 
closed with a lump of moist clay, and sometimes, when the furnace is to contain a 
^eat body of melted metal, the clay is supported by means of a small plate of cast- 
iron fixed against the furnace. Before the blowing machine is set agoing, the open- 
ings g g g had been kept shut. Those of them wanted for the tuyeres are opened in 

u 2 


292 


FOUNDING. 


succession, ’beginning at the lowest, tbe tuyeres being raised according as tbe level of 
the fused iron stands higher in the furnace. The same cupola may receive at a time 
from one to six tuyeres, through which the wind is propelled by the centrifugal action 
of an excentric fan or veniilator. It does not appear to be ascertained whether there 
be any advantage in placing more than two tuyeres facing each other upon opposite 
sides of the furnace. Their diameter at the nozzle varies from 3 to 5 inches. They 
are either cylindrical or slightly conical. A few minutes after the tuyeres have begun 
to blow, when the coke sinks in the furnace, alternate charges of coke and pig iron 
must he thrown in. The metal begins to melt in about "20 minutes after its intro- 
duction ; and successive charges are then made every 10 minutes nearly ; each charge 
containing from 3 cwt, to 5 cw^. of iron, and a quantify proportional to the estimate 
given below. The amonnt of the charges varies of course with the size of the furnace, 
and the speed required for the operation. The pigs must be previously broken into 
pieces weighing at most 14 or 16 pounds. The vanes of the blowing fan make from 
625 to 650 turns per minute. The two cnpolas represented Jig. 881, and another 
alongside in the plan, may easily melt 6^ tons of metal in 2| hours ; that is 2^ tons 
per hour. This result is three or four times greater than what was formerly obtained 
in similar cupolas, when the blast was thrown in from small nozzles with cylinder 
bellows, moved by a steam engine of 10 horses power. 

In the course of a year, a considerable foundry like that represented in the plan, 
Jig. 869, will consume about 300 tons of coke in melting 1240 tons of cost iron ; con- 
sisting of 940 tons of pigs, of different qualities, and 300 tons of broken castings, gate- 
pieces, &c. Thus it appears that 43 pounds of coke are consumed for melting every 
2 c«t. of metal. 

Somewhat less coke is consumed when the fusion is pushed more rapidly, to collect 
a great body of melted metal for casting heavy articles ; and more is consumed when, 
as in making many small castings, the progress of the founding has to he slackened 
from time to time ; otherwise, the metal would remain too long in a state of fusion, 
and probably become too qold to afford sharp impressions of the moulds. 

It sometimes happens that in the same day, with the same furnace, pieces are to be 
cast containing several proportions of different kinds of iron ; in which case, to prevent 
an intermixture with the preceding or following charges, a considerable bed of coke 
is interposed. Though there be thus a little waste of fuel, it is compensated by the 
improved adaptation of the castings to their specific objects. The founding generally 
begins at about 3 o’clock, p.m., and goes on till 6 or 8 o’clock. One founder aided by 
four labourers for charging, &c., can manage two furnaces. 

The following is the work of a well-managed foundry in Derby. 

200 lbs. of coke are requisite to melt, or bring down (in the language of the founder), 
1 ton of cast iron, after the cupola has been brought to its proper heat, by the com* 
bustiotj in it of 9 baskets of coke, weighing, by my trials. 40 jx)unds each, =• 360 lbs. 

I he chief talent of the founder consists in discovering the most economical mix- 
tures and so compounding them as to produce the desired properties in the castings. 
One piece, for example, may be required to have great strength and tenacity to bear 
heavy weights or strains; another must yield readily to the chisel or the file; a 
third must resist sudden alternations of temperature ; and a fourth must be pretty 
hard. 

The filling in of the melted metal is managed in two ways. For strong pieces, whose 
moulds can be buried in the ground at 7 or 8 yards distance from the furnace, the 
metal may be run in gutters, formed in tbe sand of the floor, sustained by plates or 
stones. The clay plug is pierced with an iron rod, when all is ready. 

When from tbe smaller size, or greater distance of the moulds, the melted metal 
cannot be run along the floor from the furnace, it is received in cast-iron pots or ladles, 
lined with a coat of loam. These are either carried by the bands of two or more men, 
or transported by the crane. Between the successive castings, the discharge hole of 
the furnace is closed with a lump of clay, applied by means of a stick, having a small 
disc of iron fixed at its end. 

• After the metal is somewhat cooled, the moulds are taken asunder, and the excres- 
cences upon the edges of the castings are broken off with a hammer. They are after- 
wards more carefully trimmed or chipped by a chisel when quite cold. The loss of 
weight in ft unding is about 6j per cent upon the pig iron employed. Each casting 
always requires the melting of considerably more than its own weight of iron. This 
excess forms the gates, false seams, &c, ; tbe whole of which being deducted, shows 
that I cTt. of coke is consumed for every 3 cwt of iron put into the furnace; 
for every 138 cwt. of crude metal, there will be 100 cwt. of castings, 32 of refuse 
pieces, and 6 of waste. 

Fig. 880, Cupola furnace, requires a little further description. It is 3 feet wide 
within, and 13^ feet high, m m, solid body of masonry, as a basis to the furnace. 
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b bf octagonal platform of cast iron, with a ledge in which the plates a a a a are 
engaged. 

a a, eight plates of cast iron, 1 inch thick, absolutely similar ; only one of them is 
notched at its lower part in c, to allow the melted metal to run out, and two of the 
others have six apertures, g g &c. to admit the tuyeres. 

c, orifice for letting the metal flow out. A kind of cast iron gutter, e, lined with 
loam, is fitted to the orifice. 

rf, hoops of hammered iron, 4 J inches broad ; one half of an inch thick for the bottom 
ones ; and a quarter of an inch for the upper ones. The intermediate hoops decrease 
in thickness from below upwards between these limits. 

e, cast iron ^tter or spout, lined with loam, for running off the metal. 

//, cylindrical piece of cast iron, for increasing the height and draught of the 
furnace. 

g, side openings for re- 
ceiving the tuyeres, of which 
there are six upon each side 
of the furnace. Each of them 
may be shut at pleasure, by 
means of a small cast iron 
plate, A, made to slide hori- 
zontally in grooves sunk in 
the main plate, pierced with 
the holes g g, 

k ky interior lining of the 
surface, made of sand, some- 
what argillaceous, in the fol- 
lowingway. After having laid 
at the bottom of the furnace a 
bed of sand a few inches thick, 
slightly sloped towards the 
orifice of discharge, there is 
set upright, in the axis of the 
cupola, a wooden cylinder of 
its whole height, and of a 
diameter a little less than that 
of the vacant space belonging 
to the top of the furnace. 

Sand is to be then rammed in 
so as to fill the whole of the 
furnace ; after which the 
wooden cylinder is withdrawn, 
and the lining of the sand is 
cut or shaved away, till it has 
received the proper form. 

This lining lasts generally 
5 or 6 weeks, when there are 
six meltings weekly. 

i if cast iron circular plate, 
through which the mouth of 
the fUmace passes for pro- 
tecting the lining in k dur- 
ing the introduction of the 
charges. 

N N, level of the floor of 
the foundry. The portion of 
it below the running out ori- 
fice consists of sand, so that 
it may ^ readily sunk when 
it is wished to receive the 
melted metal in ladies or pots 
of large dimensions. 

The fan distributes the blast from the main pipe to three principal points, by three 
branch tubes of distribution. A register, consistbg of a cast iron plate ididing with 
friction m a frame, serres to mtercept the blast at any moment, when it is not de^r^b le 

fh T A pipe of zinc or sheet iron i fitt^Cthe 

orifice of the slide yalye. It is square at the beginning, or only rounds a? the 
g es; but at a little distance it becomes cylindrical, and conducts the blast to the 

P 3 
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divaricating pcnnta. There, each of the branches turns up vertically, and terminates 
at b bf Jig- 881, where it presents a circular orifice of inches. Upon each of the 
upright pipes 6, the one end of an elbow-tube of zinc c c c c. Jig 881, is adjusted 
rather loosely, and the other end receives a tuyere of wrought iron d rf, through the 
intervention of a shifting hose or collar of leather c c d, hooped with iron wire to 
both the tube and the tuyere. The portion cccc may be raised or lowered, by sliding 
upon the pipe 6, in order to bring the nozzle of the tur^re d d, to the requisite 
point of the furnace. The portion cccc may be made also of wrought iron. A 
power of 4 horses is adequate to drive this fan, for supplying blast to 3 furnaces. 

The founders have observed that the efflux of air was not the same when blown into 
the atmosphere, as it was when blown into the furnaces ; the velocity of the fan, 
with the same impulsive power, being considerably increased in the latter case. 
They imagine that this circumstance arises from the blast being sucked in, so to 
speak, by the draught of the furnace, and that the fan then supplied a greater quantity 
of air. 

The following experimental researches show the fallacy of this opinion. Two water 
siphons, € e e^f f made of glass tubes, one-fiflh of an inch in the bore, were in- 
serted into the tuyere, containing water in the portions g g h. The one of these 
manoTneters for measuring the pressure of the air was inserted at the other in the 
centre of the nozzle. The size of this glass lube was too small to obstruct in any 
sensible degree the outlet of the air. It was found that when the tuyeres of the fan 
discharged into the open air, the expenditure by a nozzle of a constant diameter was 
proportional to the number of the revolutions of the vanes. It was further found, 
that when the speed of the vanes was constant, the expenditure by one or two nozzles 
was proportional to the total area of these nozzles. The following formula give the 
volume of air furnished by the fan, when the number of turns and the area of the 
nozzles are known. 


% 

Volume 

25-32 S n 

SB . 1 

1-000,000 

(1) 


Volume 

0-86'6'7 S n 

(2) 


1,000,000 


The volume is measured at 32^ Fahr., under a pressure of 29 '6 inches barotn. 

S = is the total area of the orifices of the tuyeres in square inches. 

n the number of turns of the vanes in a minute. 

After measuring the speed of the vanes blowing into the atmosphere, if we intro- 
duce the nozzle of discharge into the orifice of the furnace, we shall find that their 
speed immediately augments in a notable degree. We might, therefore, naturally 
suppose that the fan furnishes more air in the second case than in the first ; but a 
little rejection will show that it is not so. In fact, the air which issues in a cold 
state from the tuyere encounters instantly in the furnace a very high temperature, 
which expands it, and contributes, along with the solid matters with which the 
furnace is filled, to diminish the facility of the discharge, and consequently to 
retard the efflux by the nozzles. The oxygen gas consumed is replaced by a like 
volume of carbonic acid gas, equally expansible by heat. Reason leads us to conclude 
that less air flows from the nozzles into the furnace than into the open atmosphere. 

The increase in the velocity of the vanes takes place precisely in the same manner, 
when after having made the nozzles blow into the atmosphere, we substitute for these 
nozzles others of a smaller diameter, instead of directing the larger ones into the fur- 
nace. Hence we may conceive that the proximity of the charged furnace acts upon 
the blast like the contraction of the nozzles. When the moving power is uniform, 
and the velocity of the vanes remains the same, the quantity of air discharged mturt 
also be the same in the two cases. 

Two tuyeres, one 5 inches in diameter, the other 4j, and which, consequently, pre- 
sented a total area of 35 j square inches, discharged air into one of the furnaces, from a 
fan whose vanes performed 654 turns in the minute. These two nozzles being briskly 
withdrawn from the furnace, and turned round to the free air, while a truncated pa te- 
board cone of 3 J inches diameter was substituted for the nozzle of 4 J inches, whereby 
the area of efflux was reduced to 29*3 square inches, the velocity of the vanes conrinueA 
exactly the same. The inverse operation having been performed, that is to say, the 
two originft nozzles having been smartly replaced in the furnace, to discover whether 
or not the moving power had changed in the interval of the experiment, they betrayed 
no perceptible alteration of speed. From the measures taken to count the speed, the 
error could not exceed 3 revolutions per minute, which is altogether unimportant 
upon the number 654, 
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It follo-ws, therefore, that when the vanes of the fan have the velocity of 654 turns 
per minute, the expenditure by two nozzles, whose joint area is 35 J square inches, 
both blowing into a furnace, is to the expenditure which takes place, when the same 
nozzles blow into the air, as 35’5 is to 29-3 ; that is, a little more than 4-fifths. 

If this be, as is probable, a general rule for areas and speeds considerably different 
from the above, to find the quantity of air blown into one or more furnaces by the fan, 
we should calculate the volume by one of the above formulte (1) or (2), and take 
4-fifths of the result, as the true quantity. 

The fan A c, represented (Jig. 881), is of the best excentric form, as constructid by 
Alessrs. Braithwaite and Ericsson. D is the circular orifice round the axis by which 
the air is admitted ; and c c B is tbe excentric channel through which the air is 
wafted towards the main discharge pipe e. See Ventilation. 

FOUNTAIN. A stream of water rising up through the superficial strata of the 
earth. See Artesian Wells. 

FOXING, is a term employed by brewers to characterise the souring of beer, in 
the process of its fermentation or ripening. 

FRACTIONAL DISTILLATION. See Naphtha (Boghead). 

FRACTURE of minerals. The-fracture of minerals has been grouped under the 
following heads, there being very few variations from them : — 

1. Conchoidal ; from concha, like a shell, when a mineral breaks with curved con- 
cavities ; example, flint. 

2. Even; when the surface of fracture is rough, with numerous small elevations 
and depressions. 

3. Splintery; when the broken surface exhibits protruding points. 

4. Hackly; when the elevations are sharp or jagged, as iron. 

FRAME, a mining term. See Ore Dressing. 

FRANKFORT BLACK; is a black used in copper-plate printing. It is said to be 
acnarcoal obtained from grape and vine lees, peach kernels, and bone shavings. It is, 
doubtful, whether the finest black is not a soot produced from tbe combustion of some 
of these bodies. The preparation is, however, made much of a my sterv. 

FRANKINCENSE. The spontaneous exudations of tbe Abies eictlsa, tbe Norway 
spruce Jir, 

FRANKLINITE. A somewhat remarkable mineral, which is found at Hamburg, 
N. J,, with red oxide of zinc and garnet in granular limestone. Its composition has 
been determined to be 


Oxide ofiron - - 66 0 - 68-88 - 66-12 

Oxide of manganese - 18-0 - 18-17 - 1119 

Oxide of zinc - - 17-0 - 10-81 - 21-77 

Franklinite was at first employed for the production of zinc ; but for that purpose 
it did not answer commercially. It is, however, now employed in combination with 
iron, as it is said, with much advantage. Major Farrington of New Jersey thus 
speaks of it : — “ Many experiments have been made under my superintendence upon the 
ores of Franklinite, and I have also witnessed several others of an interesting cha- 
racter made by other parties in mixing Franklinite with pig iron in the puddling 
furnace, and also a mixture of franklinite pig with other irons in their conversion to 
wrought iron. The result in all cases has been a great improvement in the quality of 
iron as manufactured. The most marked and, as I consider, the most valuable re- 
sult is obtained by using from 10 to 15 per cent, of the weight of pig iron to be 
puddled with pulverised Franklinite ore in the furnace at each heat. Iron of the 
most infenor quality when thus treated, is converted into an article of No. 1 grade. 
The volatile nature of zinc at a high temperature, combining with the sulphur, phos- 
phorus, and other volatile constituents of the coal, or that may be in the inn, 
i^mg carried off mechanically, I consider is one of the causes of the improvement : 
toe m^ganese also of the ore comhines with silica at a high temperature, and pig 
iron that contains silica is thus freed from it The great advantage to be obtained hv 
using the pulverised ore in the puddling furnace is, that a high grade of iron may be 
made ; and where reheating has been hitherto deemed indispensable, one heaiing is 
found sumcient for such uses as wire billets, nuts, bolts, horseshoe irou, and nails. A 
particular selection of fuel is not required, coke and charcoal can be dispensed with 
and bituminous or anthracite coal used.” * 

FREESTONE. A term used to denote any stone which is capable of being worked 
freely in every direction, and, which has no tendency to break in one diwction more 
than another. In toe counties of Wicklow and Dublin, and also in Cornwall, the 

term is applied to granite which works freely H. W. B. 

FREEZING. iCmgelation^ Fr.; Gffrierung, Gfitm,') The three general forms, 
solid, liquid, and gaseous, under one or other of which ail kinds of matter are 

i; 4 
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refemble to the iofluence of heat, modifyiDg, balanciog, or subduing the attraction of 
cohesion. Nearly every solid may be liquefied, and every liquid may be vaporised, 
by a certain infusion of heat, whether this be regarded as a moving power, or an 
elastic essence. The converse of this propc^ition is equally true ; for many gases, till 
lately styled permanent, may be liquefied, nay, even solidified, by diminution of their 
temperature, either alone, or aided by a sufficient mechanical condensation, to bring 
their particles within the sphere of aggregative attraction. When a solid is trans* 
formed into a liquid, and a liquid into a gas or vapour, a quantity more or less con> 
siderable of heat is absorbed, or becomes latent, to use the term of Dr. Black. When 
the opposite transformation takes place, the heat absorbed is again emitted, or what 
was latent becomes sensible. See Heat for the more recent hypotheses. 

The production of cold is a curious and interesting branch of physical inquiry. A 
few general laws may be distinctly named. 

If a solid body suddenly liquefies, without the application of external heat, it abstracts 
from the surrounding bodies the heat nece^ary for its liquefaction. 

When a salt is dissolved in water cold is produced. 

If a liquid vaporises, the vapour is produced at the expense of the heat of some 
neighbouring body. 

When spirits of wine, or ether, is thrown on the body, a sensation of coldness is 
produced from the liquids vaporising by robbing the body of heat 

By placing water in a porous vessel, and exposing it to the sun, it becomes very cold. 
The solar heat-rays occasion a rapid evaporation of the water which has filtered through 
the pores of the vessel, and some heat is taken by the process from the fluid in the 
interior. 

If air is allowed suddenly to expand, it takes heat from the surrounding bodies, or 
produces cold. 

The most familiar method of producing intense cold is by means of freezing mixtures. 
A great number of those were iu vented by Mr. Walker ; the principal results are con- 
tained in the following tables: — 

1. — Table, consisting of Frigorific Mixtures, having the power of generating or 
creating cold without the aid of ice, sufficient for all useful and philosophical purposes, 
in any part of the world at any season. 


Frigorijic Mixtures without lce» 


MIXTURES. 

Thermometer sinks. 

Deg. of cold 
produced. 

Nitrate of ammonia • - 1 part 

Water * - - . 1 

From + 50° to + 4° 

46° 

Muriate of ammonia - - 5 parts 

Nitrate of potash - - 5 

Water - - - - 16 

From + 50° to + 10 ° 

40 

Muriate of ammonia - - 5 parts 

Nitrate of potash - - 5 

Sulphate of soda - - 8 

Water - - 16 

From + 50° to + 4° 

46 

Sulphate of soda • . 3 parts 

Diluted nitric acid - - 2 

From + 50° to — 3° 

53 

Nitrate of ammonia - - 1 part 

Carbonate of soda - - 1 

Water « - - - i 

From + 60° to — 7° 

57 

Phosphate of soda . • 9 parts 

Dilute nitric acid - 4 

From + 60° to - 12 ° 

62 

Sulphate of soda - - 8 parts 

Bbfdrochloric acid - - 5 

From + 50° to 0 ° 

50 

Sulphate of soda - - 5 parts 

Dilute sulphuric acid - 4 

From + 50° to + 3° 

47 

%ilphate of soda . . 6 parts 

Muriate of ammonia - - 4 

Nitrate of potash - - 2 

Dilute niPic acid - - 4 

From + 50° to —10° 

60 

Sulphate of soda . . 6 parts 

Nitrate of ammonia - • 5 

Dilute nitric acid . - 4 

From + 50° to — 14° 

64 
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II. — Table consisting of Frigorific Muctnres, composed of ice, ■with chemical salts 
and acids. 


Frigorific Mixtures with Ice. 


MIXTURES. 

Thermometer sinks. 

Deg of cold 
produced. 

Snow, or pounded ice - 2 parts 

Muriate of soda - - I 

From any temperature 

o 

1 

O 


Snow, or ponnded ice - 5 parts 

Muriate of soda - - - 2 

Muriate of flUtoonia - - 1 

o 

lO 

o 


Snow, or pounded ice - 24 parts 

Muriate of soda - - 10 

Muriate of ammonia - - 5 

Nitrate of potash - - 5 

to- 18° 

H 

Snow, or pounded ice - 12 parts 

Muriate of soda - - 5 t 

Nitrate of ammonia - - 5 

to-250 

E| 

Snow - - - - 3 parts 

Dilute sulphuric acid - 2 

From + 32° to - 23° 

55 

Snow . - - - 8 parts 

Muriatic acid - - - 5 

From + 32° to — 27° 

'59 

Snow » - - - 7 parts 

Dilute nitric acid - - 4 

From + 32° to - 30° 

62 

Snow - - . - 4 parts 

Muriate of lime - - 5 

From + 32° to — 40° 

72 

Snow ... - 2 parts 

Cryst. muriate of lime - 3 

From + 32° to — 60° 

82 

Snow - - - . 3 parts 

Potash - - . . 4 

From + 32° to — 51° 

83 


N. B. — The reason for the omissions in the last column of the preceding table is» 
the thermometer sinking in these mixtures to the degree mentioned in the preceding 
column, and never lower, whatever may be the temperature of the materials at mixing. 

To produce these results in a satisfactory manner, it is necessary to cool previously 
to the experiments, the vessels in which the mixtures are made. 

The most intense cold that is as yet known is that from the evaporation of a mixture 
of solid carbonic acid and sulphuric ether, by which a temperature of 166° Fahr. 
below the freezing point of water is produced By means of this intense cold, assisted 
by mechanical pressure several of the gaseous bodies have been condensed into liquids, 
and in some Instances solidified. 

Sir John Herschel, some years since, recommended the following method for obtain- 
ing at moderate cost large quantities of ice. 

A steam engine boiler was to be sunk into the earth, and the quantity of water 
which it was desired to freeze placed in it. By means of a condensing pump, several 
atmospheres of air were forced into the boiler, and then everything was allowed to 
remain for a night, or until the whole bad acquired the temperature of the surround- 
ing earth. Then, by opening a stop cock, the air expanding escaped with much violence, 
and the water being robbed of its heat to supply the expanding air, the temperature 
of the whole was so reduced, that a mass of ice was the result. 

The following process for producing cold has been patented and exhibited in this 
country. 

In a reservoir, or what may with propriety be called a boiler, was placed a quantity 
of sulphuric ether. This reservoir was placed in a long vess^ of saline wat^, this 
fluid by the arrangement being made to flow from one end of the trough to the^her, 
that is to and from the reservoir. In this water was placed a number of vessels, the 
depth and breadth of the trough, but of only two inches in width, and these were 
filled with the water to be frozen. 

A steam engine was employed to pump the air from the reservoir ; this being done, 
of course the ether boiled, and the vapour of the ether was removed by the engifie as 
fast as it was formed. Tlie heat required to vaporise the ether was delflved from the 
saline water in the trough, and this again took the heat from the water in the cells; 
thus eventually every cell of water was converted into ice. The ether was, after it 
had passed through the engine, condensed by a refrigeratory the tndinai^ kind. 
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The statement made by the patentee was very satisfactory, as it regarded the cost of 
production. An apparatus of this kind is of course intended for hot countries only, 
where ice becomes actnally one of the necessaries of life. 

A peculiar physical fact connected with the freezing of water has been made avail- 
able to' some important uses. Water in freezing really rejects everything it may 
contain — even air, and hence solid ice is actually pure water. This may be easily 
proved. Make a good freezing mixture, and place some water in a tiask, and while 
it is undergoing consolidation by being placed in the frigoiific compound, gently 
agitate it with a feather. Now, if the water contains spirit, acid, salt, or colouring 
matter, either of them are alike rejected, and the solid obtained, when washed from 
the matter adhering to its surface is absolutely pure solid water. 

This philosophic fact, although it has only been subjected to examination within 
the last few years, has been long known. 

Byron, in his 13th Canto of Don Juan, has the following allnslon to it : — 

** rit have another figure in a trice; 

What sar you to a bottle of champagne ? 

Frozen into a very vinoua ice. 

Which leaves few drops of that immortal rain. 

Yet in the very centre, past all price, 

About a liquid glassful will remain; 

And this IS stronger than the strongest grape 
Could e’er express in its expanded shape.” 

The old nobles of Russia, when they desired a more intoxicating drink than usual, 
placed their wines or spirit in the ice of their frozen rivers, until all the aqueous 
portion was frozen ; when they drank the ardent duid accumulated in the centre. 
This plan has been employed also for concentrating lemon juice and the like. For 
some further matters connected with this peculiar condition, see Steam Boilees and 
Watbb. 

FRENCH BERRIES. The berries of the Jihamnus catharticuSy and other species 
of the Buckthorn. The true French berries, which should be four-seeded, belong to 
the first named ; all the two-seeded berries are obtained from other and inferior kinds. 

FRENCH CHALK. A steatite ; a soft magnesian mineral. 

FRENCH POLISH. There are numerous methods given for the preparation of 
this polish, one of the best is probably the following : 1 J lbs. of shell lac dissolved in 
a gallon of spirits of wine without heat Another recipe is 12 ounces of shell lac, 2 
ounces of gum elemi, and 3 ounces of copal to 1 gallon of spirits of wine. 

FRICTION. The resistance to motion which depends on the structure of the 
surfaces in contact Friction is usually divided into two kinds : sliding friction and 
rolling friction. The questions involved in the consideration of friction are purely 
engineeri^, and cannot therefore be treated here. One very important element may 
however w named, as showing the importance of exact science in connection with 
the impr^ements in mechanics. By friction heat is evolved. It is found by accurate 
experiment, that the quantity of heat evolved is exactly sufficient to reproduce the effort 
caused in overcoming the friction. — Joule and Thomson, 

FRIT. See Enasiel and Glass, 

FUCUS. See Alg£. In the Fucus serratus and ceramoides silver has been de-* 
tected, Malaguto has stated, to the extent of ijjoijxj* in the ashes of these plants. It 
has also been stated that these and some other plants contain lead and copper. 

FUD, or WOOLLEN WASTE, is the refuse of the new wool taken out in the 
scribbling process, and is mixed with the mungo for use. See Mungo. 

FUEL. {Combustible^ Fr; Brennstoff, Germ.) 

Such combustibles as are used for fires or furnaces. Wood, Turf, Coal, are familiar 
examples. Fuels differ in their nature, and in their power of giving heat, it is there- 
fore of much importance to ascertain the heat-giving power. Numerous excellent 
experiments have been made for the purpose of determining with exactness the heating 
values of fuels of different kinds. Lavoisier and Laplace, in an extensive examination 
carried out by them, used the well known Calorimeter^ that is, they determined the 
vtluef’iof the heat by the quantity of ice melted in a given time. Count Rumfordsub- 
sequ^tly measured the quantity of heat by the increase of temperature in a ^ven 
quantity of water. The quantity of heat which will |nclt 1 lb. of ice at 0*^ Cent, 
^ing just sufficient according to Laplace to raise the tttnperature of a pound of water 
to 75® Cent., or according to the experiments of Regnault, to 79° Cent, Clement and 
Desormes have ^so shown, that an equal weight of aqueous vapour, whatever may be 
its temperatigie end tension, is always produced by one and the same amount of heat. 

As far as we can within the limits of the present work, we shall endeavour to present 
a full practical view of the subject, giving each class of fuels under their several 
lieads. 

I. IVood, which is divided into bard and soft. To the former belong the oak, 
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the beech, the alder, the birch, and the elm ; to the latter, the fir, the pine of different 
sorts, the larch, the linden, the willow, and the poplar. 

Under like dryness and weight, different woods are found to afford very different 
degrees of heat and combustion. Moisture diminishes the heating power in three 
ways : by diminishing the relative weight of the figneous ^tter, by wasting heat in 
its evaporation, and by causing slow and imperfect combustion. If a piece of wood 
contain, for example, 25 per cent of water, then it contains only 75 per cent, of fuel, 
and the evaporation of that water will require ^ part of the weight of the wood. 
Hence the damp wood is of less value in combustion by 5*5 or f than the dry. The 
quantity of moisture in newly felled wood amounts to from 20 to 50 per cent. ; birch 
contains 30, oak 35, beech and pine 39, alder, 41, fir 45. According to their different 
natures, woods which have been felled and cleft for 12 months contain still from 20 to 
25 per cent, of water. There is never less than 10 per cent present, even when it 
has been kept long in a dry place, and though it be dried in a strong heat, it will after- 
wards absorb 10 or 12 per cent, of water. If it be tOo strongly kiln dried, its heating 
powers are impaired by the commencement of carbonisation, as if some of its hydrogen 
were destroyed. 

The following table, compiled from the researches of Count Rumford, will place 
these points clearly before us. 


One pound of the following woods 
when burnt will heat ; 

Pounds of water from (P to lOlP Cent. 

Ordinary condition. 

Slightly dried. 

Stronglf dried. 

Lime tree 




34-708 

38-833 

40131 

Beech 

, 


* - 

33*798 

. . 

36*746 

Elm - 

. 

- 


30-205 

- - 

34*083 

Oak 

. 


- 

25-590 

29-210 

29-838 

Ash - 

- 


- 

30-666 

33-720 

35-449 

Sycamore 




- 

- - 

36-117 

Fir - 



. 

30-322 

34-000 

37-379 

Foplar 

- 


- 

34-601 

• 

37-161 


From every combustible the heat is diffused either by radiation or by direct communi- 
cation to bodies in contact with the fiame. In a wood fire the quantity of radiating heat 
is, to that diffused by the air, as 1 to 3 ; or it is one fourth of the whole heating power. 

II. Charcoal . — The different charcoals afford, under equal weights, equal quantities 
of heat We may reckon, upon an average, that a pound of dry cbarco^ is capable of 
heating 75 pounds of water from the freezing to the boiling point ; but when it has 
been for some time exposed to the air, it contains at least 10 per cent of water, which 
is partially decomposed in the combustion into carburetted hydrogen, which causes 
fiame, whereas pure dry charcoal emits none. 

Winkler gives the following as the results obtained by him with charcoal from various 
sources : 






Air required for per 







Pounds of lead reduced 




by 1 pound of charcoal. 

feet combustion. 


by 1 pound ofcharoMl. 

Poplar 

. 

.. 

1 



c 

33-56 

Sycamore - 

- 

- 





33-23 

Fir - 

• 

- 





33-51 

Ash - 
Birch * 

• 

- 


On an average 
75*7. 

On an average 
293*5 cubic feet • 


33-23 

33-71 

Oak - 


- 


at 1 9° Cent. 


33-74 

Elm - 

. 

- 





33-26 

Willow 







33-49 

Pine - 

•* 

- 

J 

■ nm I 



33-53 


A cubic foot of charcoal from soft wood weighs upon an average from 8 to 9 pounds, 
and from hard wood 12 to 13 pounds ; and hence the latter is best adapted to main- 
tain a high heat in a small compass. The radiating heat from charcoA fires consti- 
tutes one third of the whole emitted. 

III. Turf or peat. — One pound of this fuel will heat according to its quality, from 
18 to 42 pounds of water from freezing to boiling. Its value depends upon its com- 
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pactness and freedom from earthy particles j and its radiating power is to the whole 
heat it emits in homing as 1 to 3. 

According to Berthier, the following results were obtained from peat : — 

Founds of water heated by J |>ound 
of peat from 0®to ICO© Cent. 

- 181 

- 279 

- 29 2 

- 34*9 

- 34-6 

Winkler gives 26 9 as the evaporative power of the worst Hanoverian peat, and 
42*6 as that of the best. 

Peat obtained from the Bog of Allen gave, according to Griffith (the discrepancies 


between the results we do not understand) : — 

Upper peat - - - - 


Pound! of water heated from 
0^ to 100^ Cent. 

- 62-7 

Lower peat - . - - 

. 

- 56*6 

Pressed peat - - - - 

- 

- 28-0 


IV. Coal . — The varieties of coal are almost indefinite, and give out very varioul 
quantities of beat in their combustion. The carbon is the heat- giving constituent, 
and it amounts, in different coals, to from 75 to 95 per cent. One pound of good coal 
will, upon an average, heat 60 pounds of water from the freezing to the boiling point. 
Small coal gives out three-fourths of the heat of the larger lumps. The radiating heat 
emitted by burning pitcoal is greater than that by charcoal. 

V. The coke of coal. — The heating power of good coke is to that of pitcoal as 75 
to 69. One pound of the former will heat 65 pounds of water from 32° to 212® j so 
that its power is equal to nine^tenths of that of wood charcoal. 

Berthier gives as the results of his trials : 

Pound! of water heated hy 1 pound 
of coal from 0° lo 100 C. 


Dowlais coal 

720 

Glamorgan 

70-7 

Newcastle 

700 

Derbyshire 

61 6 

Lancashire (cannel) 

53-2 

Durham 

71-6 

Coke (St. Etienne) 

65-6 

Do. gas from Paris 

50-3 


VI. Carburetted hydrogen or coal gas. — One pound of this gas, equal to about 24 
cubic feet, disengages in burning as much heat as will raise 76 pounds of water from 
the freezing to the boiling temperature. 

In the following table the fourth column contains the weight of atmospherical air, 
w'hose oxygen is required for the complete combustion of a pound of each particular 
substance. 


Source of the Peat. 

From Troyes - . - 

„ department de la Somme 
„ „ de la Marne 

„ „ de la Vosges 

„ „ des Landes • 


Species of combustible. 

Founds of water 
which a pound can 
heat from 0^ to 212^. 

Founds of boiling 

water evaporated by 
1 pound. 

Weight of atmospheric 

air at 32'^, to burn 

1 pound. 

Perfectly dry wood 

35-00 

6-36 

5-96 

Wood in its ordinary state 

26-00 

4-72 

4-47 

Wood charcoal 


13-27 

11*46 

Pitcoal - - - . 


10-90 

9-26 

Coke - - - . 

65-00 

11-81 

11*46 

Turf . - - - 

30 00 

5-45 

4*60 

Turf charcoal 

64-00 

11-63 

9*86 

Carburetted hydrogen gas 
Oil 1 

7600 

13-81 

14-58 

Wax 1 - - - 

Tallow J 

7800 

14-18 

15-00 

Alcohol of^e shops 

52*60 

9-56 

11-60 


The quantity of air stated in the fourth column, is the smallest possible reqtured to 
burn the combustible, and is greatly less than would be necessary in practice, where 
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mnch of the air never comes into contact with the burning body, and where it con- 
sequently never has its whole oxygen consumed. The heating power stated in the 
second column is also the maximum effect, and can seldom be realised with ordinary 
boilers. The draught of air usually carries off at least ^ of the heat, and more if its 
temperature be very high when it leaves the vessel. In this case it may amount to one 
half of the whole heat, or more ; without reckoning the loss by radiation and conduction, 
which however may be rendered very small by enclosing the fire and flues within 
proper non-conducting and non-radiating materials. 

It appears that, in practice, the quantity of heat which may be obtained from any 
combustible in a properly mounted apparatus, must vary with the nature of the object to 
be heated. In heating chambers by stoves, and water boilers by furnaces, the effluent 
heat in the chimney, which constitutes the principal waste, may be reduced to a very 
moderate quantity, in comparison of that which escapes from the best constructed 
reverberatory hearth. In heating the boilers of steam engines, one pound of coal is 
reckoned adequate to convert pounds of boiling water into vapour ; or to heat 41 J 
pounds of water from the freezing to the boiling point. One pound of fir of the usual 
dryness will evaporate 4 pounds of water, or heat 22 pounds to the boiling temperature ; 
which is about two-thirds of the maximum effect of this combustible. According to 
Watt’s experiments upon the great scale, one pound of coal can boil off with the best 
built boiler, 9 pounds of water ; the deficiency from the maximum effect being here 

or nearly one sixth. See the Tables at the end of this article. 

In many cases the hot air which passes into the fines or chimneys may be bene- 
ficially applied to the heating, drying, or roasting of objects ; but care ought to be taken 
that the draught of the fire be not thereby impaired, and an imperfect combustion of 
the fuel produced. For, at a low smothering temperature, both carbonic oxide and 
carburetted hydrogen may be generated from coal, without the production of much 
heat in the fireplace. 

To determine exactly the quantity of heat disengaged by any combustible in the act 
of burning, three different systems of apparatus have been employed : 1, the calori- 
meter of Lavoisier and Laplace, in which the substance is burned in the centre of a 
vessel whose walls are lined with ice, and the amount of ice melted measures the 
heat evolved; 2, the calorimeter of Watt and Kuraford, in which the degree of heat 
communicated to a given body of water affords the measure of temperature ; and 3, by 
the quantity of water evaporated by different kinds of fuel in similar circumstances. 

The first and most celebrated, though probably not the most accurate apparatus for 
measuring the quantity of heat transferable from a hotter to a colder body, was the 
calorimeter of Lavoisier and Laplace. It consisted of three concentric cylinders of tin 
plate, ^ placed at certain distances asunder ; the two outer interstitial spaces being filled 
with ice, while the innermost cylinder received the hot body, the subject of exi)eriment. 
The quantity of water discharged from the middle space by the melting of the ice in it, 
served to measure the quantity of heat given ont by the body in the central cylinder. 
A simpler and better instrument on this principle would be a hollow cylinder of ice of 
proper thickness, into whose interior the hot body would be introduced, and which 
would indicate by the quantity of water found melted within it the quantity of heat 
absorbed by the ice. In this case the errors occasioned by the retention of water among 
the fragments of ice packed into the cylindric cell of the tin calorimeter, would be 
avoided. One pound of water at 172® Fahr., introduced into the hollow cylinder 
described, will melt exactly one pound of ice ; and one pound of oil heated to 1 72^ will 
melt half a pound. — Ure. 

The method of refrigeration, contrived at first by Meyer, has been in modern times 
brought to ^eat perfection by Dulong and Petit. It rests on the principle, that two 
surfaces of like size, and of equal radiating force, lose in like times the same quantity 
of heat when they are at the same temperature. Suppose, for example, that a vessel of 
polished silver, of small size, and very thin in the metal, is successively filled with dif- 
ferent pulverised substances, and that it is allowed to cool from the same elevation of 
temperature ; the quantities of heat lost in the first instant of cooling will be always 
equal to each other ; and if for one of the substances, the velocity of cooling is double 
of that for another, we may conclude that its capacity for heat is one half, when its 
weight is the same ; since by losing the same quantity of heat, it sinks in temperature 
double the number of degrees. 

The method of mixtures. — In this method two bodies are always employed ; a hot 
body, which becomes cool, and a cold body, which becomes hot, in such manner that all 
the caloric which goes out of the former is expended in heating the latter. Suppose, 
for example, that we pour a pound of quicksilver at 212® F., into a pound of water at 
32® ; the qiiicksilverwill cool and the water will heat, till the mixture by stirring ac- 
quires a common temperature. If this temperature was 122®, the water and mercury 
would have equal capacities, since the same quantity of heat would produce in an equ^ 
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mass of tliese two sabstanees equal changes of temperature, tiz., an eleTation of 90^ in 
the water and a depression of 90° in the mercury. But in reality, the mixture is found 
to faaye a temperature of only 37J^°, showing that while the mercury loses 174^° the 
water gains only 5^^ ; two numbers in the ratio of about 32 to 1 ; whence it is concluded, 
that the eapacity of mercury is A of that of water. Corrections must be made for the 
inflnence of the vessel and tbr the heat dissipated during the time of the experiment. 

If our object be to ascertain the relative heating powers of different kinds of fuel, we 
need not care so much about the total waste of heat in the experiments, provided it be 
the same in all ; and therefore they should be burned in the same furnace, and in the 
same way. But the more economically the heat is applied, the greater certainty will 

there be in the results. The apparatus. Jig. 8S2, 
is simple and well adapted to make such com* 
parative trials of fueL The little furnace is 
covered at top, and transmits its burned air by c, 
through a spiral tnbe immersed in a cistern of 
water, having a thermometer inserted near its 
top, and another near its bottom, into little side 
ori6ce8, a o, while the effluent air escapes from 
the opright end of the tube b. Here also a ther* 
mometer bulb may be placed. The average in- 
dication of the two thermometers gives the mean 
temperature of the water. As the v ater evapo- 
rates from the cistern, it is supplied from a vessel 
placed aloDgide of it The experiment should 
be begun when the furnace has acquired an 
equability of temperature. A throttle valve at c serves to regulate the draught, and 
to equalise it in the different experiments by means of the temperature of the effluent 
air. When the water has been heated the given nnmber of degrees, which shonld be 
the same in the different experiments, the fire may be extinguished, the remaining fuel 
weighed, and compared with the original quantity. Care shonld be taken U> make the 
combustion as vivid and free from smoke as possible. 

The following calorimeter, founded upon the same principle as that of Count Rum- 
ford, but with certain improvements, maybe considered as an equally correct instru- 
ment for measuring heat with any of the preceding, but one of much more general 
application, since it can determine the quantity of heat disengaged in combustion, as 
well as the latent heat of steam and other vapours. 

It consists of a large copper bath, e,/ (Jig. 883), capable of holding 100 gallons of 





Scale about ^ Inch to the square foot. 

water. It is traversed four times, backwards and forwards, in four different levels, 
by a zig-zag horizontal flue or flat pipe </, c, nine inches broad and one deep, ending 
below in a roChd pipe at c, which passes through the bottom of the copper hath c,/, 
and receives there into it the top of a small black lead furnace h. The innermost 
crucible contains the fuel. It is surrounded at the distance of one inch by a second 
crucible, which Is enclosed at the same time by the sides of the outermost furnace; 
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the strata of stagnant air between the crucibles serving to prevent the heat from being 
dissipated into the atmosphere round the body of the furnace. A pipe a, from a pair 
of cylinder double bellows, enters the ash-pit of the furnace at one side, and supplies 
a steady but gentle blast, to carry on the combustion, kindled at first by half an ounce 
of red-hot charcoal So completely is the heat which is disengaged by the burning 
fuel absorbed by the water in the bath, that the air discharged at the top orifice g has 
usually the same temperature as the atmosphere. 

The vessel is made of copper, weighing two pounds per square foot; it is 5j feet 
long, wide, 2 deep, with a bottom 5^ feet long, and if broad, upon an average. 
Including the zig-zag tin plate flue, and a rim of wrought iron, it weighs altogether 
85 pounds. Since the specific heat of copper is to that of water as 94 to 1,000, the 
specific heat of the vessel is equal to that of 8 pounds of water, for which, therefore, 
the exact correction is made by leaving 8 pounds of water out of the 600 or 1,000 
pounds used in each experiment. 

In the experiments made with former calorimeters of this kind, the combustion was 
maintained by the current or draft of a chimney open at bottom, which carried ofif at 
the top orifice of the flue a variable quantity of heat, very diflicult to estimate. 

When the object is to determine the latent heat of steam and other vapours, they 
may be introduced through a tube into the top orifice p, the latent heat being deduced 
from the elevation of temperature in the water of the bath, and the volume of vapour 
expended from the quantity of liquid discharged into a measure glass from the bottom 
outlet c. In this case, the furnace is of course removed. 

The heating power of the fuel is measured by tbe number of degrees of temperature 
which the combustion of one pound of it, raises 600 or 1,000 pounds of water in the 
bath, — the copper substance of the vessel being taken into account. 

It must be borne in mind that a coal which gives off much unbumt carburetted hy- 
drogen gas does not afford so much heat, since in the production of the gas a great 
deal of heat is carried off in the latent state. 

The economy of fuel, as exhibited in the celebrated pumping engines of Cornwall, 
will be dealt with under the proper head. See Steam Kncine. And in reference to 
the ordinary uses of fuel for domestic and other purposes, see Stoves. 

Patent Fuel. Under this name a great many attempts have been made to utilise 
wa^te material. In countries where charcoal is abundant charcoal du^t mixed with 
pitch has been employed, and attempts have been made to utilise the immense quantities 
of saw-dust produced in the north of Europe, by mixing it with clay and tar. Parsing 
over the several kinds of artificial fuel which have been made on the continent, th^ 
productions of this character made in this country must be described. 

Wylam’s patent fuel is small coal and pitch moulded together into bricks by pressure. 
The pitch is obtained by the distillation of coal tar from which naphtha and a peculiar 
oil are separated, leaving the pitch. This pitch is ground fine and mixed with small 
coal, and in this state it is passed, by a very ingenious application of tbe Archimedean 
screw, through a retort maintained at a dull red heat, by which it is softened for 
being moulded, which is effected by a kind of brick-making machine under enormous 
pressure, 

Warlich^s patent fuel is similar in character, but he adds a little common salt or 
alum to prevent the evolution of too much smoke, and the fuel bricks are subjected to 
a temperature of 400° F. for eight hours, by which the more volatile constituents are 
driven off. 

Wood’s fuel is prepared by mixing small coke or coal in a heated state with tar or 
pitch in a common pug-mill, after which it is moulded in the ordinary manner. 

Bessemer’s process consists merely in exposing coal-dust to a temperature of 600° 
F. By this the bituminous matter of the becomes softened, and the whole can be 
pressed into a firm block. 

Grant’s patent. This fuel is composed of coal-dust and coal-tar pitch ; these mate- 
rials are mixed together, under the influence of heat, in the following proportions: 

20 lbs. of pitch to 1 cwt of coal-dust, by appropriate machinery, consisting of crush- 
irg-rollers for breaking the coal in the first instance sufficiently small so that it may 
pass through a screen, the meshes of which do not exceed a quarter of an inch asunder; 
2ndly, of mixing-pans or cylinders, heated to the temperature of 220°, either by steam 
or heated air ; and, 3rdly, of moulding machines, by which the fuel is compressed, 
under a pressure equal to five tons, into the size of a common brick ; the fuel bricks 
are then whitewashed, which prevents their sticking together, either in the coal 
bunkers or in hot climates. The advantages of these artificial fuels over coal may be 
stated to consist, first, in its efficacy in generating steam ; secondly, occupies less 
space; that is to say, 500 tons of it may be stowed in an area which will contain only 
400 tons of coal; thirdly, it is used with much greater ease by the stokers or firemen 
than coal, and it creates little or no dirt or dust, considerations of some importance 
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when the delicate machinery of a steam-engine is considered ; fourthly* it produces a 
▼ery small proportion of clinkers* and thus it is far less liable to choke and destroy 
the furnace bars and boilers than coal ; firchly, the ignition is so complete that com- 
paratively little smoke, and only a small quantity of ashes, are produced by it ; sixthly, 
from the mixture of the patent fuel, and the manner of its manufacture, it is not liable 
to enter into spontaneous ignition. 

A great many other persons have either patented processes for the preparation of 
artificial fuel, or published suggestions. These are so nearly alike that a few of them 
only require any notice- 

Cobbold agitates peat in water to separate the earthy matter, and then allows the 
peat to subside, and consolidates it. 

Godwin makes brick of mud or clay with pitch or coal. 

Oram employs tar, coals, and mud. 

Hill takes the residuary matter after the distillation of peat, and mixes it with pitch. 

Holland mixes lime or cement with tar and small coals. 

Kansome cements small coal together by a solution of silicate of soda. 

From the Admiralty Coal Inquiry's Report we obtain the following analyses of 
several of the more important artihctal fuels : — 


Name of Fuel. 

Specific 
Gravity of 
FueL 

Carbon. 

Hydrogen. 

Sulphur. 

Uxygen. 

.\4h. 

Warlich’s - - - 

115 

9002 

5-56 

MM 


2-91 

Livingstone’s 

1-18 

8507 

413 

■19 


4 52 

Lyon’s •• 

1-13 

86 36 

4-56 

1-29 

2-07 

4-66 

Bell’s 

1-14 

87-88 

5-22 

0-71 

0-42 

4-90 

Holland and Green's - 

1-30 

70-14 

4 65 

. . 

. . 

13-73 

Wylam’s - . - 

110 

79-91 

5-69 

1 25 

6 63 

4-54 


The following returns of trials at Woolwich will place the question of fuel, so 
far as coal and patent fuel are concerned, in the best possible view. 


Report of TriaU of Coals at Woolwich Dockyard^ between the 9th Ftbruary, 1848, and 
the 3\st Marchy 1858. 


Description of the Fuel tried. 


l-s? 

lU 

pip 

liii-ll 

a. 

aiiSSSS 

t 

M 

C 

a 

1 

1 

i 

4 

0 

f 

i 

.e 

'o'*- 

Smoke. 

Welsh CotLs ; — 

Abercarn Black Vein - 



1 

9 01 • 

46-49 

1*2=) 

4*46 

5-71 

No record. 

Aberdare Steam Coal • 

. 


1 

0 98 

4^*81 

1 72 

5*91 

7-6^ 

l.ight smoke. 

Pitto FotberKill’f . 

. 

• 

1 

9 44 

47 6 

1-79 

4-37 

6*H 

Light brown smoke 

Ditto Bwlifa - 



2 

9-4 

50 28 

1*43 

5*75 

7 19 

Light smoke. 

Bedwas . - _ 

. 


1 


45-3 

2*1)8 

6-16 

8-i5 

Black smoke 

Biicharove Graieola > 



3 

8 53 

48 37 

1*43 

9-13 

10-5'' 

Ne.irly smokeless 

Blaendare Big Seam - 

. 


1 

828 

43-76 

3*34 

5-1 

8-44 

Black smoke. 

Ditto Merthyr 

. 


1 

906 

47-68 

3-12 

6 14 

9 2f 

Light smoke. 

Blaengwaur Merthyr - 



7 

S-38 

49*44 

l-W 

5-84 

7-37 

Light brown. 

Bn mbo Main 

. 


2 

8-.')2 

44*24 

•95 

6*4 

7*35 

No reiord. 

Ditto 2-yard Vein 

. 

_ 

1 

8*45 

45-12 

1*13 

6-49 

7-63 

Di-to. 

Ditto 4-feet Vein 

. 

. 

1 

8*34 

43*03 

1*08 

5-7 

6-7S 

Ditto. 

Ditt'’' Steam Coal 

. 


2 

7-95 

50*47 

1*57 

4-81 

6-4 

Black smt'ke. 

Bute Merthyr 

_ 

. 

5 

9*2 

48 59 

307 

5-1*1 

8-26 

Light brown. 

Camnethan - - - 

. 


2 

8*21 

51*91 

•55 

3-99 

4 54 

Brown, moderate 

Carr’s Mcthyr - 

. 


3 

9-14 

49*21 

1-^9 

5-23 

7-21 

quantity. 

Black smoke. 

Chircual V'ein 

. 

. 

1 

8*98 

46*79 

1-95 

5 06 

7-01 

No record. 

Coed Talon _ - - 



b 

7*68 

62-11 

•96 

5-4 

6 36 

Light i.moke. 

Coleshill Coal 

. 

. 

1 

7-68 

52 06 

•25 

3-1! 

3-36 

N'» record. 

Ditto Bagillt ' 

. 

. 

? 

7 92 

49-33 

62 

3-57 

4 19 

Ditto. 

Cwm .tmmon 



4 

86 

45M2 

1-75 

3-61 

5-36 

Light smoke. 

Ditto 


_ 

6 

8*93 

4.J-93 

2-01 

5 27 

7*2'* 

Ditto. 

Cwmfrood Rock Vein - 

• 


1 

8 72 

46 8.8 

2-U 

4 IK 

6-251 

Black smoke. 

Ebbw Vale • - - 

- 

. 

3 

9 26 

3H-79 

1*78 

6-78 

8 51. 

Light brown smoke. 

Ditto ... 

. 


1 

9-09 

43-82 

2 51 

G 41 

8 92 

No smoke. 

Eiled’s Vein - 

• 


3 

9-1 

51-21 

1 55 

5-29 

6-H4 

Brown, large quan- 

R 

ENecar Hard Steam Coal 



3 

8-27 

45-99 

•73 

5 33 

6*06 

tity. 

No record. 

Fuloe Colliery 

.. 


2 

8-28 

48 36 

1*31 

3 71 

5 02 

Little smoke. 

Garden Edge Colliery Coal 

. 

. 

3 

8-41 

60-87 

•98 

5-14 

6 12 

Biack, moderate 









quantity. 
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Descnplion of the Fuel tried. 


111 

s 

lil 

Iff 

Slip 

mm 

0* 

lljp 

‘Mi i 

c 

c 

•s 

1 

1 

< 

■B 

1 

11 

= 

Smoke. 




I 

llisjs 

U 

ts 

1 





9 

8*91 

49*97 

•OS 

5-7 

7-38 

Very light smoke. 


_ 


2 

8*.54 

43 83 

*87 

6*21 

9 0* 

No record. 

Goijnos . - - 



1 

9*02 

4*2*62 

69 

3-9] 

5-6 

Black smoke. 



3 

88) 

35*59 

*42 

6 Of 

8*11 

No smoke. 


1 

8*84 

41 02 

•95 

5 52 

6 *23 

No record. 




1 

8*21 

47 55 

4 4 

6 3f 

Light smoke. 




4 

8-95 

48 16 

i’i 

3-8 

6-51 

No smoke. 




2 

7-27 

46*08 

9*. 

7-4? 

8.35 

Much light smoke. 

LUnelly - - - 



1 

8*43 

40*43 

1*96 

6-8 

8 76 

No record. 



2 

8 81 

46 52 

i-.3< 

6-41 

8*77 

No smoke. 

Ditto (handpicked) 



2 

8 44 

44 92 

203 

5*7i 

7 76 

Ditto. 




2 

7-6<> 

46*06 

1 

4*19 

4 

Light smoke. 




1 

8*81 

50-44 

2 1 

5-3? 

7*45 

Black smoke. 




1 

8*32 

47 27 

1 37 

4*7ft 

6 l< 

Much black smoke. 




28 

8*78 

45 42 

1-02 

5-.V1 

6-54 

Light smoke. 




4 

9*0« 

48 17 

1*0S 

4-56 

6 23 

Ditto. 




1 

K«3 

47 72 

1-4' 

3 97 

5 40 

Ditto. 




3 

8*75 

40*78 

1-61 

4-Of 

5*67 

No record. 

Ditto ditto Fothereill's 


43 

8*61 

44*79 

1-47 

4 53 

6 

Light smoke. 

Ditto Crosfield 

_ 


2 

9*37 

45*14 

l•2^ 

6* 3ft 

7*62 

No record. 

Ditto ditto and Gadlev 

s 

1 

6 0,6 

46-12 

*91 

7*53 

8-44 

Ditto. 

Ditto (handpicked) 

_ 


8 

8-92 

45*84 

1*13 

4-82 

5*95 

Light smoke. 

Ditto Nixon’s 



d 

8 78 

45-.54 

•9ft 

4 34 

5-32 

Ditto. 

Ditto Wcnsieydale - 
Ditto Wood’s - 



1 

8*91 

45-84 

61 

6*49 

7*1 

No record. 

. 


1 

8 87 

4.3 7 

•67 

5-OH 

6*35 

Ditto. 




I 

8-:»3 

44 63 

1*|-. 

4 6.5 

5*75 

Black smoke. 

Ditto ditto Vivian’s 



2 

H*6 

44*94 

1*3 

‘i-2? 

0.54 

Much black smoke. 

Nevill’s Llanelly . 

. 


2 

8 50 

47-.S9 

2 03 

5-s 

7H.1 

Light snioke. 

New Biack Vein Steam Coal 


2 

9 50 

50*67 

•79 

5*75 

6-54 

L.irge quantity of 










broun smoke. 

Newelline • . - 



1 

8*97 

4ft 25 

2*21 

0 25 

8-4t 

No record. 

Powell’s Duffryn - 



1 

9*(-8 

4s 26 

1 35 

6 8) 

ft-)f> 

Light smoke. 

Hesotven . - . 



9 

9*06 

48*1 

1*77 

5-4S 

7 25 

Light brc*vn. 

Ditto (handpicked) 



1 

8 04 

45*32 

54 

4 35 

4*89 

No record. 

Ditto ditto 



1 

9 15 

49*79 

1 75 

4*4 

6*15 

Ditto. 

Risca Rock Vein • 



1 

8*26 

40*67 

i-s: 

5-22 

7 0*- 


Rock Vein - - - 



2 

8 6 

4R*I1 

■2*39 

5*89 

8 2K 

Ditto. 

Squbnrwen Merthyr - 



12 

8*93 

46*51 

1*8‘ 

6* 

7*85 

Light smoke. 

Thomas’ Merthyr - 



2 

9*28 

49*99 

1*84 

4*61 

6-45 

No record. 

Tillery Bia Vein - 



2 

8*89 

M-99 

1*07 

4.57 

5 64 

Ditto. 

Wdgnus’ Merthyr- 



2 

8*79 

47*25 

l*7i 

6 4' 

8 24 

Ditto. 

Waynes’ Merthyr- 



1 

8 98 

48*43 

1-7;- 

5* 2? 

7*02 

Very light sme^e. 

W’elsh Coal - - • 

North Country Coals: 



2 

9*33 

4S*62 

1*76 

616 

7*9.4 

No record. 

Alloa Colliery - • 



2 

8*89 

55*07 

1*01 

5*02 

6*04 

Little black smoke. 

1 Atherton Steam Coal - 



4 

822 

48-76 

•74 

4-93 

5 67 

Black smoke. 

Barheth and Dollar's Steam Coal 

1 

7*93 

49*45 

'46 

417 

4-63 

Black, moder^e 

Ditto Steam Coal • 



4 

831 

49*39 

1*29 

4-17 

5*46 

i^uantity. 

Light brown. 

Bates’ Hartley 


. 

I 

6*71 

45-66 

2 12 

4 L 

6 24 

No record. 

Ditto West Hartley - 



3 

7*7 

46-41 

1*31 

5*23 

6 56 

Black rmo’ftS. 

Bebside Colliery Coal • 



4 

8 14 

49*82 

•y.’- 

4*6 

5 55 


Bell’s Primrose • « 



3 

9*46 

45*67 

2-4 

6 08 

9-Os 


Bourtreehill Coal . 



1 

7 56 

4V96 

1-27 

4 07 

5 94 


Buddie’s Hartley - 



23 

7 79 

47 98 

1*49 

4 O'- 



Ditto Welt Hartley 



38 

8 05 

4m*34 

1 41 

4*47 

5*87 


Carr’s Hartt^ 



9 

8 05 

48 63 

1*7) 

3-7< 

5 47 

Black, Urge quan- 

Clackmannan 


. 

3 

809 

45*,39 

•67 

4 70 

5 45 


Cutllehill ... 

. 

. 

1 

7*72 

42 57 

_ 

5-7J 



1 Derwentwater, Radchffe Colliery 

1 

8 27 

50*22 

1*1 

3-ft 

4 9^ 


1 Ditto West Hartley 

. 

1 

7G9 

48 23 

1*67 

4-7-' 

6 39 


Earsdon’s Hartley 

- 

■ 

3 

8 25 

50 12 

•71 

4‘8W 

5 59 

Great q lantity of 

Garforth’s Hartley - 



2 

8*06 

50*11 

•61 

57 ^ 

6-36 


Garforth Steam Coal . 


. 

2 

7*12 

40*33 

1 26 

5*6 

6*86 


Garswood Park - 


. 

1 

7*99 

51*61 

119 

5*2S 

6-4h 


Gawber Hall 


. 

2 

8*14 

42 49 

1-05 

4*11 

5 10 


Ditto Steam Coal 


. 

5 

7*84 

43 01 

1 25 

5-8 

7 05 

Light 

Gower Coal - - - 


. 

2 

7 83 

44'-58 

•92 

5-2s 

6 21 


Grey’s Broomhill. 


. 

5 

8*04 

48-87 

1*14 

5 06 

6-7'' 

Heavy black smoke. 

Grimsb} Coal, Sheffield Railway 

- 

1 

7*46 

45*84 

1*69 

4 24 

5 93 

Haisnead Goal 

. 


3 

7*48 

47*23 

1-24 

3*69 

4 93 


Hartley Coal 

. 

- 

2 

7 74 

45-78 

1*06 

5*77 

6-83 


Ditto Bates’ West - 
Ditto Belmont- 


■ 

1 

2 

7 39 

8*4 

48*27 

46*3 

•66 

1*43 

7-07 

3*97 

7*73 

5-41 

Heavy black smoke. 
No recjjrd. 

Ditto Buddie’s 

• 

. 

4 

7*8 

45*61 

i*l5 

4-11 

5 27 

Ditto ditto West 

- 


17 

7*82 

46*33 

1-28 

4-09 

5-38 


Ditto Carr’s - 

. 

• 

15 

8*19 

45 45 

1-22 

3 93 

5 14 


Ditto ditto W'est - 

- 

■ 


835 

48 43 

i* 

5*88 

6*88 

Heavy black. 






DeseriptiaD of the Fud tried. 
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Hartley, Chflon'8 West 

Ditto Cowpen - - * ‘ ^ 

Ditto Fenhatn’s . - - < 

Ditto ditto West 
Ditto Hedley’s - - - 

Ditto Hetton We^t - - « 

Ditto Howard’s West Xetiierton 
Ditto Jonassohn's - - - 

Ditto LongndKe West - 

Ditto ditto Best • 

Ditto Morpeth - - “ 

Ditto Newcastle - - - 

Ditto Wellington W'est - 
Ditto Whitworth - - - 

Ditto Willington West - 
Hastings Hartley - - - • 

Heaton Colliery . - - - 

Howard’s West Hartley 

Ditto Nethertcn • - • ] 

Hnylaiid CoUinry - - - - i 

Ditto and Elsecar , - - 

Inc‘‘ Hail Coal . - • - 

Ditto . - - - • 

Kilnlinrst Hard - - • • 

Land Engine Coal . . - 

Lindsay Mine . - • • 

Lord Hossljn’s Coal • - • 

Lord Ward’s Steam Coal 

Lutnley’! Steam Coal - - - 

Lundlull Hard Coal - - - 

Ditto Soft ditto - - - 

Lyon’s West Hartley - - - 

Midgeholme • - - • 

North Country Coal - - 

North Gawber Steam Coal - • 

Oaks Colliery - - - - 

Orrell Steam Coal - - - 

Ramsay’s Adair’s Mam 
Ravensworth’s Hartley 
Rochsole’s C‘ Uiery . - • 

Skerriiigton Co.d - . • • 

Ditto Colliery - - - 

Splint Coal . - - - • 

St. Helen’s Tees - - « - 

Staveley Main Coal - - - 

Straiigeways, Colliery, 3 ft. Seam 

Waithen House, or New House - 
Washington’s West Hartley 
Watner House Steam Coal - 
Wellington Hartley - - - 

Wellwootl Colliery . - - 

West Hartley . - - - 

Whitefield Colliery - - . 

Whitworth Park - - - - 

■W'lg.in, 4-feet Seam - - - 

Woinbwell Main - - - - 

Yate Deep Vein - - - • 

A-*»rMIMC!TE Co.\L - - - - 

Ditto _ , - - 

X),tto Bonville ■» Court 

Ditto Killgetty - - j 

Ditto Watiiej’s - - ' 

C\MBat\v Stevm Ft TL - - -i 

Chu-un Co\i/ . - - - 

Core Co^soLIDATED . - - 

Patent I-uel - - - - 

Ditto . - - • - 

Ditto Captain Cotbrane’s 
Ditto Holland’s 

Ditto Ij>on’s - - - 

Ditto Temperly’s 

Ditto Wariich 8 

Ditto T* ditto - - - 

Port Adelaide - - - - 

Sing 'POKE Coal - « - - 

St. Domingo (Samana) 


4'’7, h'.! 

1 7 j 5 '<4, r, i.H 
■lU: VI I 7 17 
l-JK. r.-2'V ‘.1*14, 

‘l ‘-i-i ^ i 
.\-\h\ f> H'i 


1-41, 3*7’> V-il 
l-l*. 3 39 4 S7 
j.fto 4 7 6 22 
2 07 6 73 7*81 
I 37 6 09 6 41 
I 3‘81 SCil 
13 13 fi-S V 

1 ir, 3 91, VI 
i);tH 6 O'! ‘<67 
1 1 21 i •>*' '’"3 

2 2' '’’ll ' 3ii 
•V. 3 9'> 

17 , 11.17 

j-4l S 4 I 6 “•> 

1 OH 3 76, i 
1-21 1 3-.’L 4-1 
l-'-.li I I M 6 1' 
•jntl 2'»<' 
l-r,7 6(iH 7 7.1 
I 36 4-37 6 74 

I 01 6'63 7-r.l 
1-2- 6 II 

16 3 ftT 6 47 

1-17 4 l-V 6 ). 

V! 6 I'-l ‘■■71 
I 47’ 3-6 1 6 *' 
H- 1 -v, 3 n 

4. 6'tit I, 1' 

I M 0-K2 S 17 
1-01 .■> L'l fi 3(. 
1*6., 4'7'‘ 6*4 
1 1,7 2 K2 4*4' 

1 0 3*6.1 

167 6*7! 7*1 
•r,:! 4 2 4 M7 

•33' 4 7h 3*1 i 

-ri| 4 26 4*9' 
•87' 3 2H 6 T' 


2 K'l .“i 07 7 92 
2 91j 3 9'* H .H" 

> u,! 3 61 'i-l' 
l-M 4 0" .'•6 
I 0^ 7 o"-, H 1 
1*79 4 4' 6 2‘ 
•05 4 IV 4-47 
•92 3-14 6 07 
I G4 5*7.3 7 39 
■H\ 4 .3 .5-31 

3-1 4-47 7 57 

1-4^ 10-3-2'll*8i 
•m 2-42 2 6 
1 (Vi 5-’>7! 6 39 
•64,11 3 |ll 94 

1 4SI 6 -ih! K (It, 

I 17 .3-'<l 6 9'', 
•i-8 3 33 6 l.h 

■U 19 11 t9-VV 
I 97| 4 21, 6-l'<l 
•2 4 I 3 'ii. 6 26' 
7-76U2-3 ;i(Vi6i 

1 7 1 6 3 8- 

2 f6i 4 37' 7 24 

•991 7-191 H 19 
>4 7*M'lO04 


l.l.ck. 

Ditto 

No rer .rd. 

Ditto. 

Ditto. 

1 itile hl.ork StTKikc. 

Nt» rerord. 

Light smoke. 

Little l)l.u k sinokc 
No reconl 
Black smoke. 

Ditto. 

No reconl 
lIi.iA) hi. irk smoki 
Miirh ill oi- e. 

1) .rk *nir,ke. 

Ditto. 

r.lai k ‘•in'ike. 

No Ainoke 
Very Aiiioky. 

No r« ror*l. 

Much Mat k smoke 
No record 
Ditfo. 

Bl'itk smoke. 

Brown, iii modcrat 
quantity. 

No record. 

Bhirk. in great 
(]n iiitiiy . 

Ditto’ il.tto. 

BI.u k .moke. 

No r«‘c Til 

y Id t( k smokt 
I So rn’ord. 

He.i>y smoke. 

' No record. 

, i.iglit brown. 

Hi'.'oy black smoke 
l.iKlit smoke. 

, Much smoke. 

Li',;ht smoke, 
r Ditto. 

1 Black, in large 
quantity. 

1 Liglit sm< ke. 

^ Black, in small 
quantity. 

2 No record. 

o Black smoke, 
t No record. 

Bl.irk smoke. 

Heavy black smoke. 

:* Heavy smoke. I 

,T Little brow n smok* ! 

)7 No record. 

19 Ditto. 
n Ditto. 

)7 Much bl.ack smoke 
Ji No record. 

> Nearly smokeless. 

SO No record. 
j4 Ditto, 
lit, Smokf less. 


3 6i| 

fi n; 

23 :v\ 

,10 7; 

1 <f9i* 


m- 

lis- 


I.ight smoke. 

No record. 

Ditto. 

Black smoke. 

No record. 

Tagbt brown. 

No record. 

Ditto. . 

Little brown smoac 
No record. 

No smoke, 
i No record. 

I Little smoke. j 
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FXJLGURATION designates the sudden brightening of the melted gold and silver 
in the cupel of the assayer, vrhen the last film of vitreous lead and copper leaves their 
surface. 

FUIXER'S EARTH. {Terre a foulotiy Argile^ Smeetique^ Fr. ; ^VaJhcrcr<le, Germ.) 
In geology this term is applied to the clayey deposit which intervenes between the 
calcareous strata commonly known as the Bath or Great Oolite, and the Inftrh r 
Oolite. A sandy argillaceous earth is met with in the upper part of the cL‘y in 
question, to which the name Fuller’s earth was given from its adaptability for fulUmj 
or cleansing cloth, when first woven, from grease and other impurities. The term 
thus limited originally to a particular stratum was subsequently applied to the entire 
formation by Dr. William Smith in his classification of the British strata, and 
has ever since retained its place in geological nomenclature. The fuller's earth 
above mentioned was formerly procured in considerable quantities from the Downs, 
to the south of Bath, whefifee it was sent to the cloth factories of Gloucestershire. 
Of late years, however, an artificial substitute has been found in a chemical prepa- 
ration, and the demand for the natural production hxs decreased so far, that I’ttle or 
none of it is now procured in the West of England. The fuller’s earth of Keigate is 
found in strata of a much more recent date tlian those alluded to abo\e, and lornis a 
part of the Lower Greensand. — See Grekn*sani>. 

From Reigate 12,000 tons of dried fuller’s earth are raised annually. There are 
two varieties, called the blue and yellow ; their analyses are respectively — 


Alumina - 



. 

. 

Blue. 

- 18 

Yellow. 

11 

Silica 

- 

- 

- 

- 

- 42 

44 

Lime 

- 

- 

- 

- 

4 

5 

Magnesia - 

- 

- 

- 

. 

2 

2 

Oxide of Iron 

- 

- 



G 

10 

Soda 

- 

- 

- 

- 

• ‘5 

5 


The other jjlaoes fiom \\iruli fuller’s e.irlh has been obtained, are — Penonden 
Heath, Maidstone, Fronie, Lonsdale, Coombe Hay. English Cnomhe. and Duneoru 
Hill in Gloucestershire, and at one locality in Bedfordshire. — II. W. B. 

FULLING. The art of cleaissing, scouring, and pressing woollen manufactures. 
The object is to render them stronger and firmer. It is called also because 

the cloths are scoured by a water mill. 

The principal parts of a fulling mill, are the wheel with its trundle, which gives 
motion to the tree or spindle whose teeth communicate that motion to the stampers or 
beaters, which fall into troughs, wherein the cloth is put, with the fuller’s earth. 

William and Ogle introduced in 1825 some new fulling machinery, designed to act 
in a similar way to the ordinary stocks, in which cloths are beaten, for the purpose of 
washing and thickening them ; but the standard and the bed of the stocks are made 
of iron instead of wood, as heretofore ; and a steam vessel is placed under the bed, for 
beating the cloths during the operation of fulling; whereby their appearance is said 
to be greatly improved. 

Fig. 884 is a section of the fulling machine or stocks ; a, is a cast-iron pillar, made 
hollow for the sake of lightness ; 5, is 
the bed of the stocks, made also of iron, 
aud polished smooth, the side of the stock 
being removed to show the interior ; c, 
is the lever that carries the beater d. 

The cloths are to be placed on the bed 
6, at bottom, and water allowed to pass 
through the stock, when by the repeated 
blows of the beater which is raised 
and let fall in the usual way, the cloths 
are beaten, and become cleansed and 
fulled. 

A part of the bed at c is made hollow, 
for the purpose of forming a steam box, 
into which steam from a boiler is intro- 
duced by a pipe with a stop-cock. This 
steam heats the bed of the stock, and 
greatly facilitates, as well as improves, 
the process of cleansing and fulling the 
cloths. 

The smoothness of the surface of ^he polished metal, of which the bod of the stock 
is constituted, IS said to be very much preferable to the roughness of the surface of 
■wood of which ordinary fulling stocks are made, as by these iron stocks less of the nap 

X 2 
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or felt of tbe cloth is removed, and Its appearance when finUlied is very much superior 
to cloths fulled in ordinary stocks. 

In the operation of fulling, the cloths are turned over on the hed by the falling of 
the beaters, but this turning over of the cloths will depend in a great measure upon 
the form of the front or hreast of the stock. In these improved stocks, therefore, 
there is a contrivance by which the form of the front may be varied at pleasure, in 
order to suit cloths of different qualities ; y. is a movable curved plate, constituting 
the front of the stock ; its lower part is a cylindrical rod, extending along the entire 
width of the bed. and being fitted into a recess, forms a hinge joint upon which the 
curved plate moves ; is a rod attached to the back of the curved plate with a 
screw thread upon it ; this rod passes through a nut A, and by turning this nut, the rod is 
moved backward or forward, and consequently, the position of the curved plate altered. 

The nut A, is a wheel with teeth, taking into two other similar toothed wheels, one 
on each side of it, which are likewise the nuts of similar rods jointed to the back of 
the curved plate /; by turning the central wheel, therefore, which may be done by a 
winch, the other two wheels are turned also, and the curved plate moved backward or 
forward. At the upper part of the plate there are pins passing through curved slots, 
which act as guides when the plate is moved. 

FULMINATING MERCURY, + Ag. (dried at 212°). The well 

known compound used for priming percussion caps. It was analysed many years 
ago by Liebig, and subsequently, by Gay-Lussac. Although chemists have long been 
acquainted with the true composition of fulminic acid, and the formula of fulmin- 
ating mercury has also been rendered almost certain, no accurate analysis of the 
latter compound was made public until 1S05, when M. Schischkoff published his cele- 
brated paper on the fulminates. It is singular that Liebig and Schischkofl' were 
independently engaged at the same time in investigating the products of decomposition 
of the fulminates. The formula of fulminic acid, and also that of fulminating mercury, 
had been deduced from the very accurate analysis of fulminating silver made by Gay- 
Lussac and Liebig. A great number of processes for the preparation of fulminating 
mercury have been published. The following are the best as regards economy and 
certainty. 

1. One part of mercury is to be dissolved in 10 parts of nitric acid, sp. gr. 1'4, and 
the solution at a temperature of 130° F. is to be poured into 8’3 parts of alcohol, sp. gr. 
0*830. — Dr. Ihe. 

2. One part of mercury is to be dissolved in 12 parts of nitric acid, of sp gr. 1 3. To 
the solutioft (as soon as it has cooled to 55° F.), 8 parts of alcohol, sp. gr. 0‘837, are to 
be added ; the vessel containing the mixture is to be heated in boiling water until 
thick white fumes begin to form. The whole is then set in a cool place to deposit the 
crystals of fulmiaate. — Cremasco/i. 

3. One part of mercury is to be dissolved in 12 parts of nitric acid, sp. gr. V340 to 
1*345, in a flask capable of holding 18 limes the quantity of fluid used. When the 
metal is dissolved, the solution is decanted into a second vessel containing 5*7 parts of 
alcohol, of 90 ° to 92 ° ( Tralles), then immediately poured back into the first vessel, and 
agitated to promote absorption of the nitrous acid. In five to ten minutes gas bubbles 
begin to rise, and there is formed at the bottom of the vessel a strongly refracting, 
specifically heavier liquid, which must be mixed with the rest by gentle agitation. A 
moment then arrives when the liquid becomes black from separation of metallic 
mercury, and an extremely violent action is set up, with evolution of a thick white 
vapour, and traces of nitrous acid; this action must be moderated by gradually pour- 
ing in 57 parts more of the same alcohol. The blackening then immediately dis- 
appears, and crystals of fulminating mercury begin to separate. When the fluid has 
become cold, all the fulminating mercury is found at the bottom. By this method 
not a trace of njercury remains in solution. — Liebig. 

The fulminate in all these processes is to be collected on filters, washed with dis- 
tilled water, and dried. The violent reaction which takes place when the solution of 
mercury reacts on the alcohol is essential to the success of the operation. 

With regard to the economy of the above methods, it has been found that 1 part 
of mercury yields the following proportions of fulminate : — 

1st process - 1-30 

2Dd „ - 1.25 

3rd „ 1*53 

C.G.W. 

FULMINATING SILVER, C*Ag"N*0^ This salt corresponds in constitution to 
the fulminate of mercury ; it may also be prepared by analogous processes, merely 
substituting silver for mercury. Preparation. — 1. 1 part of silver is to be dissolved in 
24 parts of nitric acid, sp. gr. 1*5, previously mixed with an equal weight of water. 
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To the solution is to he added alcohol equal In weight to nitric acid. Produce, 1 -5 
parts of fulminatiug silrer. 2. 1 part of silver is to be dissolved m 20 parts of nitric 
acid sp. gr. 1'38. To the solution is to be added 27 parts of alcohol, sp. gr. 0 832. 
The mixture is to be heated to boiling, and, as soon as it shows signs of becoming 
turbid, it is to be removed from the fire, and a quantity of alcohol, equal m weight to 
the erst, is to be poured in. The liquid is now to be allowed to become perfectly cold, 
when the fulminate will be found at the bottom of the vesseL Produce, equal to the 
silver employed. 3. 1 part of silver is to be dissolved in ten times its weight of nitric 
acid, sp. gr. T36. To the solution is to be added 20 parts of alcohol, sp. gr. 0 83. 
The mixture is to be treated as in the second mode of preparation, except that no 
more alcohol is to be added. The produce should be in fine crystals. hichever 
mode of preparation be selected, it is absolutely necessary, in order to avoid fearful 
accidents, that the following precautions be attended to. The beakers or flasks em- 
ployed must be two or thrqe times larger than is required to hold the ingredients, for 
if, owing to frothing or boiling over, any of the fluid happened to find its way to the 
outside, and dry there, an explosion might ensue. Care must also be taken that the 
highly inflammable vapours given off during the preparation do not come near any 
flame. The salt, when formed, must be received on a filter, and well washed with cold 
water. It is safer to dry it spontaneously, or over oil of vitriol, for although it will 
endure aheat above that of boiling water before exploding, yet when wai-m, the slightest 
touch with a hard substance is often sufficient to cause a terrible detonation. A spatula 
of pasteboard or very thin wood should be employed to transfer it into its receptacle. 
Fulminating silver should not be kept in glass vessels, for fear of the salt finding its 
way between the cork or stopper, the slightest movement with a view of opening the 
vessel, being then sufficient to cause an accident. Small paper boxes are the safest to 
keep it in. 

Fulminating silver gives a more violent detonation than the corresponding mercurial 
comiiound. The presence of roughness or granular particles on the substances with 
which It may be in contact, assists greatly in causing it to explode. 

Although giving so violent an explosion when alone, it may be burnt without 
danger when mixed with a large excess of oxide of copper, as in the ordinary process 
of organic analysis. It then gives off a mixture of two volumes of carbonic acid, and 
one volume of nitrogen. Gay-Lussac and Liebig made an analysis of the salt in this 
manner, with the annexed results : — 

Experiment. C.ilcuUtion. 


Carbon 


- . 

- 7-9 

c* 

. 

- 24 

■ St) 

Nitrogen - 

- 

- 

- 9-2 

N» 

- 

- 28 

- 9-3 

Silver 

• 

. 

- 72-2 

Ag* 

- 

- 216 

- 72-0 

Oxygen - 

- 

- 

- 10-7 

O* 

- 

- 32 

- 10-7 




100-0 



300 ■ 

1000 


For further remarks on the fulminates, see Ftn-MINATING Mercort. — C. G. W. 

FULMINIC ACID, C*N*IFO*. The acid contained in fulminating mercury ; 
which see. 

FUMIGATION is the employment of fumes or vapours to purify articles of ap- 
parel, and goods or apartments supposed to be imbued with some infectious or con- 
tagious poison or fumes. The vapours of vinegar, the fumes of burning sulphur, 
explosion of gunpowder, have been long prescribed and practised, but they have in 
all probability little or no efficacy. The diflfusion of such powerful agents as chlorine 
gas, muriatic acid gas, or nitric acid vapour, should alone be trusted to for the 
destruction of morbific eflluvia. See Disinfectants. 

FUR. {Fourrure, Fr ; Peh, Germ ) Fur may be strictly distinguished as the short 
fine soft air of certain animals, growing thick on the skin, and distinguished from the 
hair which is longer and coarser. The term is, however, used sometimes very loosely, 
and includes those skins which are covered with hair. Fur is one of the most perfect 
non-conductors of heat, and consequently we find the animals of the colder regions of 
the earth clothed with this substance, tmd hence man has adopted it as the warmest 
of clothing. 

To the admirable report made by Messrs. J. A. Nicholay and James B. Bevington, on 
the furs of the Great Exhibition, we are mainly indebted for the following particulars. 

Thf. Russian Sable (Mustela zibellina). In the reign of Henry VHI., by a law 
to regulate the expenses of different classes, and to distinguish them by peculiarity of 
costume, the use of sable was confined to the nobility above the rank of ^scount. It 
is stated that 25,000 skins are annually collected in the Russian territories. The fur 
is brown, with some grey spots on the head ; the darker varieties are the most valuable, 
a single skin of a fine dark colour being sold for as much as nine pounds, though the 
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average Yalae does not exceed two or three. The Russian sable is sometimes con- 
founded with the Hudson’s Bay sable, but to the furrier the former is easily dis- 
tinguishable from the length and fullness, as well as the darker colour, of the fur. 

Hudson’s Bay Sable (Mustela Canadensis). As the natural colour of this skin is 
much lighter than the prevailing taste, it is the practice to dye many of them a 
darker colour, and the furs thus treated are scarcely inferior to the Russian or true 
sable. Not less than 120,000 skius are annually imported into this country. 

Pine Marten or Bausi {Mustela abietum). The animals producing this skin ere 
found ill extensive forests in the north of Europe. The skins are distinguished from 
the stone martin by the yellow colour of the throne. These skins are d) ed to imitate 
real sable. 

Stone Marten {MusfeJa saxorum). This is frequently called French sable, from 
the fact that the French furriers excel in dyeing this skin. The stone marten is dis- 
tributed through most European countries. The under fur is a bluish white, with the 
top hairs a dark brown, the throat being generally a pure white, by which it b 
distinguished. 

Fisher. These skins are Hrger than the sables, and the fur is longer and fuller; 
about 11,000 of these skins are annually brought from America. The tail, which is 
long, round, and gradually tapering to a point, was formerly used as the common 
ornament to a national cap worn by the Jew merchants of Poland. 

Mink {Mustela vison). There were 245,000 skins of this little animal brought to 
this country in 1850. The fur resembles sable in colour, but is considerably shorter 
and more glossy. 

Ermine (Mustela erminea). This animal is similar in form and habit to the 
common weasel of this country, but in Siberia, Russia, and Norway, from whence the 
skins are imported ; the little animal during winter becomes as white as the snowy 
regions it inhabits, and is esteemed the whitest fur known, though in summer its 
dress is a dingy brown. The tail of the skin, of which the lower half is jet black b 
usually introduced as an ornament to the purely white fur. In Edward lll.’s reign, 
the use of ermine was restricted to the royal family. 

Fitch or Polecat (Mustela putorius), produced throughout Europe and in mir 
own country. This animal has a soft black fur with a nch yellow ground. The 
natural smell of this fur is unpleasant and difficult to overcome. 

North American Skunk (Mephitis Americana). These skins are imported by 
the Hudson’s Bay Company. The animal from which it is obtained is allied to the 
polecat of Europe, The fur is a soft black, with two wliite stripes running from the 
head to the tail. This fur is not much used in this country. 

Kolinsky (Mustela Siherica). The Tartar sable, which is of a bright yellow 
colour. It is sometimes used in its natural state, but is more frequently dyed brown 
to imitate other sable, to which it bears a strong resemblance. It is remarkable for 
the uniformity of it* colour, having no spot or difference of shade in any part of the 
body. The tail which is of the same colour, is exclusively used for the best artbt’s 
pencils. 

Musk Rat or Musquash (Fiber zibethicus\ an inhabitant of the swamps and 
rivers of America. About a million skins are brought to this country annually. 
The fur resembles that of the beaver, and was used by hat manufacturers. The skins 
are also dyed by the furrier, and manufactured into many cheap and useful articles. 

Nutria or Cotpon (Myopotamus coypus). This animal is larger than, but some- 
what similar to, the musquash; it inhabits the hanks of rivers in Buenos Ayres and 
Chili. But few of these skins are now imported. 

Hamster (Cricetus vulgaris)., a native of Germany, where not less than 100,000 
skins are annually collected. It has a poor, short, and coarse fur, which is almost 
exclusively used for cloak linings by the Greeks. The colour of the back is a reddish 
brown, the belly black, with a few light spots. 

Perwitzkv. The skin of this animal is marked like tortoise shell ; it is brought 
from the southern extremities of Asiatic Russia. It is chiefly used by the Russians 
for cloak lining. 

Beaver (Castor Ameriennus). This beautiful fur is sometimes used for articles of 
dress. In order to prepare the skin for this appropriation, the coarse hairs are re- 
moved, and the surface cut by a very ingenious machine, somewhat similar to that 
used in dressing cloth. The skin tlnis prepared has a beautiful appearance, not 
unlike the costly South Sea otter, and has the advantage of durability and lightness. 

Otter (Lutra vulgaris^ Lutra Canadensis). Of the British otter about 500 skins 
are colIecte(f annually. T.he large quantity used by the Russians and Chinese is 
derived principally from North America. 

Sea Otter (Enhydra marina). The sea otter has a very thick, soft, woolly fur, 
and is most highly prized by the Russians and Chinese, to whom most of the skins 
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are exported. The animal is found in the North Pacific from Kamtschatka to the 
Yellow Sea, on the Asiatic coasts, and from Alaska to California on the American coasts. 

Seal t Phocd). There are numerous varieties of these animals, which are found on 
the western coasts of these islands, and in immense numbers on the shores of Labrador, 
Greenland, and Newfoundland. The greater portion of the skins imported are 
tanned and enamelled with black varnish for ladies’ shoes ; other descriptions are 
well adapted for fur. Before they can be used as a fur, it is necessary to remove the 
very coarse hairs which cover a beautifully fine and silky fur. By shaving the felt 
to half its natural substance, the roots of the coarse hairs are cut through, and they 
easily fall out, but the same effect is produced by the natural process of fermentation, 
w hich ensues when the skins are prop{.*rly prepared and allowed to remain together. 
This fur is rarely used in its natural state, but is dyed a deep vandyke brown, when it 
has the appearance of the richest velvet. 

The skins of the fox, the W’olverine {Gulo luscvs), the bear, the hare, and the rabbit, 
scarcely require notice. 

The SqL'irrel, especially the Siberian squirrel, is much sought for. It is said that 
15,000,000 of these skins are annually collected in Bussla, and of these, 3,000,000 are 
sent to this country. 

Chinchilla (Chinchilla lanigera). There are two varieties of Chinchilla, the 
produce of South America. Our chief supply is from Buenos Ayres and Arica. 
The skins from the former locality are of a silvery grey. Those from Arica are the 
darkest and best coloured skins. 

Raccoon (Procyon totor)^ this fur is used for lining coats. 

Cat (Felix domestictis). In Holland, the cat is bred for its fur ; it is fed on fish and 
carefully tended until the fur arrives at perfection. 

Canada Lynx (Felix Canadensis^ This fur is not much used in this country, 
hut it is prepared and exported for the American market. 


Tsumher of Skins and Furs imported in the years 1853 to 1857. 



1^3. 

i8r.4. 

1855. 

isse. 

1857. 

Skins : — 

No. 

No. 

No. 

No. 

No 

Sheep and lamb 

3,372,855 

3,410,161 

1,806,001 

3,084,683 

3,685,633 

Goat - - - 

661,084 

911,925 

503,918 

1,218,548 

1,158,277 

Kid - - - 

88M26 

726,004 

695,859 

453,810 

681,234 

402,600 

Seal 

Furs: — 

850,550 

661,552 

601,002 

803,438 

Marten - 

134,671 

193,418 

222,153 

206,777 

157,319 

Mink - - - 

184,529 

200,205 

167,981 

113,046 

146,640 

Raccoon'* 

475,858 

505,445 

394,655 

498,121 

492,159 

All other skins and furs 


286,136 

273,764 

448,049 

438,379 


Total Value of Skins and Furs imported in the years 1854 to 1857. 






1854. 

185^. 

185G. 

isr>7. 

Skins and furs - 

- 

- 

- 

£ 

1,017,453 

£ 

941,855 

£ 

1,436,969 

£ 

1,422,974 


dumber of Skins and Furs exported in the years 1853 to 1857. 



1853. 

18>l. 


185G. 

1857- 

Skins : — 


No. 

No. 

No. 

No. 

Sheep and lamb 

36,368 

334,622 

221,759 

317,391 

271,825 


240,945 

285,548 

128,659 

265,438 

399,140 

Kid - - - 

43,749 

25,347 

17,593 

4,894 

19,841 

Seal - - - 

Furs : — 

12,163 

18,011 

1,995 

3,695 

5,721 

Marten . - - 

29,677 

24,253 

29,476 

46,367 

89,038 

Mink - - - 

74,309 

61,557 

78,744 

46,749 

84,781 

Raccoon 

483,893 

507,047 

523,928 

380,870 ' 

48,5,.528 

All other skins and furs 

- 

115,166 

141,415 

225,904 

228,620 


* Not ascertained previously to the year H54. 
X 4 
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Total Valtie of Shitu and Furs exported in the years 1854 to 1857. 





IBM. 

1SS5. 

1856. 1 

18.S7. 

Skins and fors - 

• 

- 

£ 

247,549 

£ 

270,807 

£ 1 
396,561 j 

£ 

489,784 


Quantities and Value of Shins and Furs exported in the year 1857. 


Skins : — 

Beaver . . - 
Goat ... 

Fox .... 
Musquash 

Raccoon . . - 

Sheep and lambs 

Quantities. 

Value. 

British 

Produce. 

Foreiffn 
and Co> 
toniai Pro. 
dace. 

Total. 

^ Britllh 

1 Produce. 

Foreijfn 
and Co- 
lonial Pro- 
duce. 

Total. 

No. 

102,503 

584,705 

1,613,761 

No. 

87,440 

399,140 

80,582 

448,240 

485,528 

271,825 

No. 

87,440 

501,643 

80,582 

1,032,945 

485,528 

1,885,586 

e 

9,309 

35,872 

78,682 


£ 

41,534 

51,161 

66,144 

59,217 

91,036 

95,549 


Quantities and Value of Skins exported in the year 1857. 




Quantities. 

Computed 
Real Value. 

t 



Quanliliei. 

romptitpd 
Real Value 

Skins : — 


No. 

£ 

'skins : — 



No. 

£ 

Bear - 


7,917 

14,844 

Marten 

- 


89,038 

72,343 

Cat - 


4,570 

1,066 

„ 

tails 


1,830 

46 

Chinchilla 


24,793 

1,679 

Mink 



84,781 

33,559 

Coney 


18,016 

375 

Nutria 

• • 


36,436 

2,012 

Deer - 


43,607 

8,684 

Otter - 



10,346 

15,390 

Dog - 


144 

1 

Pelts - 



560 

5 

Dogfish 


397 

17 

Sable * 



124 

320 

Elk - 


28 

21 

„ tails 


270 

27 

Ermine 


920 

103 

Seal - 

- 


.5,721 

2,336 

Fisher 


8,112 

12,337 

Squirrel 

- 

- 

550 

7 

Fitch - 


3,605 

496 


tails 



502 

Hare- 


40,835 

936 

Swan 

- 

. 

250 

32 

Kid - 


19,841 

3,109 j 

Tiger 

- 

- 

7 

12 

Kolinsky 


1,503 

263 1 

Wolf- 

- 

- 

5,715 

2,715 

Leopard 

. • 

29 

43 

Wolverines 

- 

658 

493 

Lion 

. 

22 

22 

Unenumerated 

- 


17,663 

Lynx 

- 

27,251 

17,486 







The importance of the trade in furs and skins will be rendered evident from the 
preceding accounts of the Imports and Exports. It would have been desirable to 
have separated the furs, strictly so called, from the skins, but this has not been found 
practicable with anything like accuracy j the returns are therefore given under the 
heads adopted by the Customs. 

Furs are subject to injury by several species of moths, whose instinct leads them to 
deposit their eggs at the roots of the fine hair of animals. 

Linnaeus mentions five species that prey upon cloth and furs, of which Tinea pelH- 
onella, T. vestionella and T. tapehella are the most destructive. No sooner is the 
worm hatched than it eats its path through the fur, and continues increasingly 
destructive until it arrives at its full growth, and forms itself a silken covering, from 
which, in a short time, it again emerges a perfect motk. 

Another Cause of the decay of fur is, the moisture to which they are frequently 
exposed ; the delicate structure of the fine under fur cannot be preserved when any 
dampness is allowed to remain in the skin. This fact is well known to the leather 
manufacturer, who, having wetted his skins, allows them to remain in a damp cellar 
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for a few days, for the purpose of removing the hair which is pulled out with the 
greatest facility, after remaining only one week in a moist condition. It follows from 
these observations, that to preserve the fur iuis necessary to keep them dry, and to 
protect them from moths ; if exposed to rain or damp, they must be dried at a moderate 
distance from the fire; and when put by for the summer should be combed and 
beaten with a small cane, and very carefully secured in a dry brown paper or box, 
into which moths cannot enter. During the summer they should he examined once 
a month to be again beaten and aired, if the situation in which they have been placed 
be at all damp. With these precautions, the most valuable furs may be preserved un- 
injured for many years. 

FURNACEl The various descriptions of furnaces employed in the different 
metallur^cal proce^es will be found described in the articles devoted to the metals. 
See Brass, Copper, &c. &c., and Metallurgy. 

FUR-SKIN DRESSING. Fur-skins are usually dressed by placing them in their 
dried state in closed tubs with a Httle salt butter, where they undergo a treading 
operation with men’s feet until they are sufficiently soft, and bend easily. The skins 
if large are sewn up, the fur being turned inwards ; bu^if small skins, such as ermine, 
are being dressed, they require no sewing. This sewing is preparatory to the greasing 
with butter or lard, and is intended to protect the fur from the grease, and to promote 
the softening in the succeeding treading operation. The skins are next wetted, and 
their flesh is removed ; or they are fleshed. See Currying. They are again sub- 
jected to treading in tubs containing sawdust, that from mahogany being preferred ; 
and afterwards in tubs containing plaster of Paris, or whitening, sprinkled between 
the skins. The main object of this is to remove the grease which has been used in 
the previous processes. They are then beaten with a stick, and combed ; when the 
dressing is completed. M, Pierre Thirion proposed to soften the skins, not by tread- 
ing, but by beating stocks, of a construction like the fulling mill. They are next 
sewn up, and again filled in a strong vessel, where they are forced upwards by the 
beaters, turned over and over, and thus speedily softenedl They are now fleshed, and 
then returned to the beating stocks, and mahogany or other sawdust is sprinkled upon 
the fur, before the beating is renewed. They are next placed in a heated barrel, 
furnished within with radial pins for turning the goods over and over, in order that 
they may be acted upon by various dry substances, which are thrown into the barrel, 
and absorb the fat from the skins. Through the hollow shaft of the barrel steam is 
introduced, which heats the skins, softening the fat, which is then absorbed by sand, 
flour, or any other desiccative powder. It is proper to take the skins out of the 
barrel f?om time to time, to comb them. Such as have been sufficiently acted upon 
may then be set aside. They are lastly freed from the dust by being subjected to a 
grated cylinder in a state of rotation, and then combed by hand. 

FUSEL OIL. During the rectification of com or graj^ spirits there is always 
separated a fiery foetid oil of nauseous odour and taste. It is this substance which is 
the cause of the unpleasant effects which are produced upon most pereons by even a 
small quantity of insufficiently rectified whiskey or brandy. Any spirit which pro* 
duces milkiness on the addition of four or five times its volume of water may be sus- 
pected to contain it. By repeated rectification every trace may be removed- 

Fusel oil invariably consists of one or more homologues of the vinic alcohol (C^H'OO, 
mixed with variable quantities of the latter substance and water. The nature of fusel 
oil varies much with the source from whence it is obtained. That which is ordinarily 
sold in this country for the purpose of yielding pear essence consists mainly of the 
amylic alcohol mixed with from one-fourth to one-fifth of spirit of wine. 

The progress of organic chemistry has been greatly assisted by the researches which 
have been made upon fusel oil, almost all the amylic compounds hitherto obtained 
having been directly or indirectly obtained from it. 

To obtain fusel oil in a state of purity it is necessary, in the first place, to rectify 
it fractionally. By this means it will be found that much alcohol can be removed at 
once. If a great quantity of water and very little vinic alcohol be present, the simplest 
mode of purification is to shake it with water, by "which means common alcohol is 
removed in solution, while the amylic alcohol, owing to its comparative insolubility, 
may be easily separated by the tap-funnel. After drying over chloride of calcium, it 
is to be again rectified once or twice, only that portion distilling at about 269’6° Fahri 
(132° Cent.) being received. The product of this operation is pure amylic alcohol, 
from which an immense number of derivations of the amylic series can be obtained. 
By treatment with sulphuric acid and bichromate of potash it is converted into vale- 
rianic acid. In this manner all the valerianic acid, now so much employed in medi- 
cine is prepared. By distilling amylic alcohol with sulphuric acid and acetate of 
potash, we obtain the acetate of amyle, commercially known as jargonelle pear essence. 

The foreign fusel oils obtained from the grape marc contain several homologues 
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higber and lower in the series than the amyltc alcohol. In fact, it would appear that 
during the fermentation of grapes there are formed, not only alcohols, but ethers and 
acids. 

>1. Chancel, by repeatedly rectifying the dehydrated and more Tolatile portions of 
the residues of the distillation of grape marc alcohol, succeeded in isolating a fluid 
boiling at 205® Fahr. This proved to be pure propionic alcohol. M. Wurtz has also 
been able to obtain the butylic alcohol by rectifying certain specimens of potato oil. 

All fusel oils are not so complex. The author of tii is article has repeatedly examined 
specimens of English and Scotch fusel oil, which did not contain anything save the 
ethylic and amylic alcohols, accompanied by small portions of the acids, which are 
procured by their oxidation. M. Chancel has given the following equations, which 
explain the manner in which saccharine matters break up into homologous alcohols 
nnder the influence of ferments. I have reduced the unitary notation employed by 
him into the ordinary formul® used in this country, in order to render the relations 
as clear as possible to the reader. 

2OnV-0'^ = 8CO- + 4C'II''0'. 

^ ^ ^ ^ ^ ^ 

Glucose Alcohol. 


2C'=H''0" = 8CO- + C'lrO- + aC'IPO’ + 2110. 

Propionic alcohol. 

2C'2jI'=0'* •= 8CO= + 2C»H'°0= + 4110. 

Butylic alcohol. 

2C'ni'20'’ = 8CO" + C‘HW + C'*H'»0’ + 4HO. 

Amylic alcohol. 

M. Chancel appears to consider the last equation as indicating the necessity of pro- 
pionic alcohol being always formed wherever amylic alcohol is generated; hut tins is 
not in accordance with the results of those chemists who have examined crude amylic 
alcohol repeatedly for propionic alcohol, but without finding any. The formation of 
these interesting homologues appears therefore to depend upon special circumstances 
connected with the fermentation. 

The caproic alcohol is also contained in certain varieties of fusel oil 

In order to assist those who may wish lo examine the fluid alluded to, the following 
table of the physical properties of the alcohols up as high as the caproic has been 
inserted : — 


Table of the Pht/sical Properties of some Homologous Alcohols found in Fusel Oils. 


Namp. 

Observers. 

Formiila- 

Boiling Point. 

**l>ecific Gravity 

VapOfir Dmsity. 

Experiments. 

Calculation. 

Mpthylic 

Dumas anti Pehgot 

C-H'O^ 

J'»2« 

0-70>0 at f.8'3 

1 l‘iO 


Kth>lic 

Gai-Lussac - 

C‘HfiO- 


0 7U38 at bOO 

1 bl.3 


Propionic - 

Chancel 


20»o 

... 

2 U‘2f) 

2 orno 

Butylic 

Wurtz - - - 

CW}lioi>? 


- - . 



Xin^lic 

Balard and Duma^ 


2700 

0 8184 at .'>90 

3 147 

3*0448 

Caproic 

Faget - - - 


304*^ 

0 8330 at 320 

3 530 

3 5202 


Fusel oil, in addition to these homologous alcohols, contains several fatty acids. 
The following list contains the acids found in fusel oil, with the name of the observer. 


Name of Acid. 

Formula. 

Obserrer. 

Formic - - - 

. 

C'lPO" 

Weth ‘riil 

Acetic - - - 

- 

t'H'O' 

Kent 

Valerianic 

. 


Kent 

1 Caproic - - - 

- 

C'=H'=0' 

Wetherill 

j (Enanthyli^ - 

- 

cnii'O' 

Mulder, Wetherill 

j Caprylic ' - 

. 


Wetherill 

Capric - - . 

- 

C-’”II »0' 

Kowney 

Margaric 

- 

c’‘n»o' 

Kolbe 




FUSTIAN. 


315 


Fusel oil has been patented as a solvent for quinine, but its odour, and more espe- 
cially that produced by its oxidation, so persistently adheres to anything with which 
it has been in contact, that great care is requisite in the purification. It is remark- 
able that at the first instant of smelling most specimens of fusel oil, the odour is not 
unpleasant, but in a very few seconds it becomes exceedingly repulsive, and pro- 
vokes coughing. — C. G. W. 

FUSES. See Safety Fuses. 

FUSIBILITY. That property by which solids assume the fluid state under the 
influence of heat. With a few exceptions, such as carbon and some organic bodies, 
all substances appear capable of assuming the fluid state. Although we do not ap- 
pear to have actually fused charcoal by means of the voltaic battery, the diamond h^ 
been fused and converted from a crystalline gem into a mass of opaque coke, 

Tbenard has thus grouped the metals: — 

1. Fusible below a red heat : — Mercury, potassium, sodium, tin, bismuth, lead, tellu- 
rium, arsenic, zinc, anttmony, cadmium. 

2. Infusible below a red heat : — Silver, copper, gold, cobalt, iron, manganese, nickel, 
palladium, molybdenum, uranium, tungsten, chromium, tii».nium, cerium, osmiujn, iridium, 
rhodium, platinum, columhium. 

Pouillet has, in his admirable treatise on heat, given the following table of the 
fusing points of various substances: — 


Kames. 
Mercury - 

. 

Centi grades 
- —39 

Karnes. Centigrade. 

Bismuth - - - - 202 

Oil of turpentine 

- 

- —10 

Lead . . . - 

320 

Ice - - - 


0 

Zinc . . - . 

360 

Tallotr 


33 to 38 

Antimony . . - 

432 

Acetic acid 


45 

Bronze - . . - 

900 

Spermaceti 

Stearine 


49 

Silver, very pure 

1000 


49 to 43 

Standard gold 

1180 

Margaric acid - 


- 55 to 60 

Very fine gold ... 

1250 

Unbleached wat 


61 

White cast iron, very fusible 

1050 

White -wax 


68 

White cast iron, second fusion 1200 

Stearic acid 


70 

Grey cast iron, very fusible 

1100 

Phosphorus 


43 

Grey cast iron, second fusion 

1200 

Potassium 


58 

Mangancsed cast iron 

1250 

Sodium 


90 

The more fusible steels 

1300 

Iodine 

. 

- 107 

The less fusible steels 

1400 

Sulphur 

• 

- 114 

Soft iron (French) - 

1500 

Tin - - 

- 

. 230 

English hammered iron - 

1600 


FUSIBLE METAL. See Allot. 

This alloy owes its peculiar property of melting at a comparatively low tempe- 
rature to the presence of bismuth. 

8 parts of bismuth, 5 of lead, 3 of tin - melt at 212° F, 

2 do. 1 flo. 1 do. - do. 201° F. 

5 do. 3 do. 2 do. - do. 199° F. 

8 do. 6 do. 4 of tin, and 1 of type metal is an alloy 

much used on the continent for producing casts of metals by the cUchee process. A 
mixture of bismuth, lead, tin, and antimony is used in this country for obtaining 
copies from wood blocks, Mr. Cowper used I of bismuth and 2 of tin to make the 
alloy most suitable for rose engine and eccentric turned pattern, to be printed from 
after the manner of letter press. 

The soft solders used by pewterers consist of tiu, lead, and bismuth m various 
proportions ; indeed, bismuth enters to a greater or a less extent into ail the soft 
solders. 

Fusible metal has also been employed as a sort of safety valve for steam boilers. 
By adjusting the proportions of the above named metals, an alloy can be made which 
will melt at any required temperature ; therefore, when . the boiler rose to this teni* 
perature, the metal plug gave way and the steam escaped. 

FUSTIAN, is a species of coarse thick tweeled cotton, and is generally dyed of an 
olive, leaden, or other dark colour. Besides the common fustian, which is known by 
the name of pillow (probably pilaw), the cotton stuffs called corduroy, velveret, vel- 
veteen, thickset, used for men’s wearing apparel, belong to the same fabric. The 
commonest kind is merely a tweel of four, or sometimes five leaves, of a very close 
stout texture, and very narrow, seldom exceeding 17 or 18 inches in breadth. It is 
cut from the loom in half pieces, or ends as they are usually termed, about 35 yards 
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long, and after undergoing the snheeqoent operations of dyeing, dressing, and folding, 
is ready for the market. 

The draught and cording of common fustian is very simple, being generally a re- 
gular or unbroken tweel of four or five leaves. Below are examples of a few different 
kinds, selected from those most general in I^ancashire. 

The number of leaves of heddles are represented by the lines across the paper, tmd 
the corrftH^ by the ciphers in the little squares, those which raise every leaf being 
distinguished by these marks, and those which sink them left blank, as more particu- 
larly explained in the article Textile Fabric. 

When the mateiial is silk, it is called velvet, when cotton, velveteen. A common 
tweeled cloth, when composed of silk is called satin ; when of cotton, fustian or jean ; 
of woollen, plaiding, serge, or kerseymere. 


No. 1.— Pillow Fnstlan. No. 2, — Plain Velvcret. 
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Of the above, each contains four leaves of heddles or healds : that represented by 
No. 1 is wrought hyfour treddlos, and that which is distingnished by No. 2, by five ; 
the succession of inserting the threads of warp into the heddles will be discovered by 
the figures between the lines, and the order in which the treddles are to be successively 
pressed down by the figures below. 


No. 3.— Double Jean. No. 4. — Plain Thickset!. 
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These, like the former, are wrought with leaves. No. 3 requires four, and No. 4 
five treddles. The succession of inserting the threads of warp, and of working the 
treddles, are marked by the respective numbers between and under the lines, as in the 
former example. Both are fabrics of cloth in very general use and estimation as low 
priced articles. 


No. 5. — Best Thicksett. No. 6.— Velvet Tuft. 


ml 1 mmi 

3 1 

5 

1 1 0 1 j 1 J 3 1 

1 1 1 1 mi 

.'j 

5 

1 m 1 0 1 1 1 4 2 

1 mi 1 1 1 

2 

9 

1 0 1 1 1 0 1 0 1 4 2 


6 4 

5 


6 4 2 3 1 



6 4 2 3 1 


5 


These are further specimens of what may be, and is, executed with four leaves, and 
in both examples five treddles are used. With two other specimens we shall conclude 
our examples of this description of work, and shall then add a very few specimens of 
the more extensive kinds. 


No. 7.~Cord and Velveret. 


No. 8. — Thicksett Cord. 
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In these the succession of drawing and working are marked like the former. Tlie 
next are examples of patterns wrought with six leaves. No. 9 has eight, and No. 10 
five heddles. 
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In both these the warp is inserted into the heddles the same way. The difference 
is entirely in the application of the cords, and in the succession of pressing down the 
treddles. We now give four specimens of the flushed and cut work, known by the name 
of velveteen. They are also upon six leaves, and the difference is solely in the cording 
and in the treading. 
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No. 13. — Plain Velveteen. 


2 4 3 1 

6 8 7 5 

ID 12 11 9 

No. 14, — Genoa Velveteen. 
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The additional varieties of figure which might be given are almost endless, but the 
limits of this article will not admit a farther detail. Those already given «e the arti- 
cles in most general use. The varieties of fancy may be indulged to great extent, but 
it is universally found, that the most simple patterns in ever)- department of ornamental 
weaving, are those which attract attention and command pnrch^rs. We shall there- 
fore only add an example of king’s cord, or corduroy, and of Dutch cord, with one of 
Genoa and one of common velvet, to show the peculiarities. 


No. 15. King’s Cord. No. 16. — Dutch Cord. 
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No. 17. — Genoa Velvet. — No. 18. — Plain Velvet. 
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After the fustian cloth is taken from the loom-beam, it is carried to the cutter, who 
rips up the surface-threads of weft, and produces thereby a hairy-looking stuff. 
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Preparatory to its being cut, the cloth is spread erenly upon a table about sis feet 
long, upon each end of which a roller mounted with a ratchet-wheel is fixed ; the one 
to give off, and the other to wind up the piece, iu the above six-feet lengths. 

The knife is a steel rod about two feet long, and three-eighths of an incli square, 
having a square handle at the one end; the other end is tapered away to a blade, as 
thin as paper. To prevent this point from turning downwards and injuring the cloth, 
its under side is covered by a guide which serves to stiffen it, as well as to prevent its 
lower edge from cutting the fustian. 

The operative (male or female) grasps the handle in the right hand, and insinuating 
the projecting point of the guide under the weft, pushes the knife smartly forward 
though the whole length of six feet, with a certain dexterous movement of the shoulder 
and right side, balancing the body meanwhile, like a fencer, upon the left foot. This 
process is repeated upon every adhesive line of the weft. 

The next process to which fustians arc exposed is steeping in hot water, to take out 
the dressing paste. They are then dried, reeled, and brushed by a machine, &c. 
From twenty to thirty pieces, each eighty yards long, may be brushed in an hour. 
The breadth of the cloth is tw^ty inches. The maceration is performed by immers- 
ing the bundled pieces in tanks of water, heated by waste steam ; and the washing by 
means of a reel or winch, kept revolving rapidly under the action of a stream of cold 
water, for an hour or longer. 

After being thus ripped up, it is taken to the brushing or teazling maebine, to make 
it shaggy. 

This consists of a series of wooden rollers, turning freely upon iron axles, and 
covered with tin-plate, rough with the burs of punched holes ; and blf>ck8 of wood, 
whose concave under surfaces are covered with card-cloth or card-brushes, and which 
are made to traverse backwards and forwards in the direction of the axes of the re- 
volving rollers, during the passage of the cloth over them. 

After they are brushed in the machine, the goods are singed by passing their cut 
surface over a cylinder of iron, laid in a horizontal direction, and kept red hot by a 
flue. They are now brushed again by the machine, and once more passed over the 
singeing surface. The brushing and singeing arc repeated a third or even occa- 
sionally a fourth time, till the cord acquires a smooth polished appearance. 

The goods are next steeped, washed, and bleached by immersion in solution of 
chloride of lime. They are then dyed by appropriate chemical means. After winch 
they are padded (imbued by the padding machine of tlie calico priuters) with a solu- 
sition of glue, and passed over steam c> linders to stiffen them. 

Smooth fustians, when cropped or shorn before dyeing, are called moleskins; but 
when shorn after being dyed, are called beverteen; they are both tweeled fabrics. 
Cantoon i»a fustian with a fine cord visible upon the one side, and a satiny surface of 
yams running at right angles to the cords upon the other side. The satiny side is 
sometimes smoothed by singeing. The stuff is strong, and has a very fine aspect. 

FUSTIC, or Yellow Wood. {Bois jaune^ Yr. -^ GVWie/z, Germ.) 'I'be o/«/ fustic 
of the English dyer. It is the wood of the Moms tinctorut. It is light, not hard, 
and pale yellow with orange veins; it contains two colouring matters, one resinous, 
and another soluble in water. Chevrcul has given the name of morin to the colour- 
ing matter obtained from fustic. It is procured by boiling ground fustic in distilled 
water, passing the decoction rapidly through a filter, and allowing the liquid to stand 
for several days, when the colouring matter {monv) is precipitated. 

The decoctions of fustic in water are brightened by the addition of a little glue, and 
still more so by curdled milk. This wood is rich in colour, and imparts permanent 
dyes to woollen stuffs, when aided by proper mordants. It unites well with the blue 
of the indigo vat, and Saxon blue, in producing green of various shades. Alum, 
tartar, and solution of tin, render its colour more vivid; sea salt and sulphate of iron 
deepen its hue. From 5 to 6 parts of old fustic are suificient to give a lemon colour 
to 16 parts of cloth. This wood isoften employed with sulphate of iron in producing 
olive and brownish tints, which agree well with its dull yellow. For the same reason 
it is much used for dark greens. 

The bichromates of potash and of lead, have nearly superseded the use of fustic, 
hut still, it is employed for producing some green in cotton yarn, and in light cotton 
fabrics, as gauzes and muslins. 

FUSTIC, Young. (Fwi/tg, Fr.) The wood of the lihus cotinu.% a shrub which 
grows principally in the south of France and in Italy, called also Venetian sumach. 
This wood contains a large quantity of yellow colouring matter, named fusteric. 
This colouring matter has a strong attraction for oxygen, which affects its use as a 
dye, rendering it very fugitive. It is rarely used alone, but as an assistant to strike 
some particular tint. 
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GABRONITE, is a yellowish stony substance, of a greasy lustre and sp. gr. = 
274 ; affording no water by calcination; fusible at the blowpipe into an opaque glass; 
soluble in muriatic acid ; solution affords hardly any precipitate by oxalate of ammonia. 
This mineral is distinguished by the large quantity of soda which it contains ; its con- 
stituents being, silica, 54 ; alumina, 24 ; soda, 17'25; magnesia, 1‘5; oxide of iron, 
1 2 j ; water 2. It is most probably a variety of Scapolite. 

GAD. A miner’s tool ; a pointed wedge having its sides of a parabolic figure. 

GADID^B. The cod-fish famil}’. Beyond the value of the cod-fish as an article 
of food, the cod liver oil is now an important manufacture. See Cod. 

G ADOLINITE ; called also Yttrite and Ytterbyte ; is a mineral of a black, brown- 
ish, or yellowish colour, granular, or compactly vitreous, and conchoidal fracture; of 
sp gr. 4-0 to 4'5, readily scratching glass; at t^ blowpipe it forms an opaque 
glass, sometimes with intumescence, but does not kSe' into a bead. It affords, with 
acids, a solution that lets fall, with caustic soda, a precipitate partly resoluble in 
carbonate of ammonia. It is remarkable for containing from 45 to 55 per cent, of the 
earth yttria: its remaining constituents being silica, 25*8 ; oxide of cerium, 17*92 ; 
oxide of iron, 11*43. This mineral is very rare, is found in the neighbourhood of 
Fahlan aud Ytterby, in Sweden; also at Disko, in Greenland; in trap, near Galway; 
in granite, in Ceylon ; and in the south of Norway. Its peculiar constituent was dis- 
covered by Professor Gadolin, after whom it is named. 

GALACTOMETER, or LACTOMETER, is an instrument to ascertain the qua- 
lity of milk ; an article often sophisticated in various ways. Fresh milk, rich in cream, 
has a less specific gravity than the same milk after it has been skimmed; and milk 
diluted w’ith water becomes proportionally lighter. Hence, when our purpose is to 
determine the quantity of cream, the galactometer may consist meredy of a long gra- 
duated glass tube standing upright upon a sole. Having filled 100 measures with the 
recent milk, we shall see, by the measures of cream thrown up, its value in this respect. 
A delicate long-ranged glass hydrometer, graduated from 1*000 up to 1 060 affords 
the most convenient means of detecting the degree of watery dilution, provided the 
absence of thickening materials has been previously ascertained by filtration. Good 
fresh milk indicates from 1*030 to 1*032; when the cream is removed, 1*035 to 1*037. 
When its density is less than 1*028, we may infer it has been thinned with water. 

GALBANUM is a gum-resin, which occurs sometimes in yellow shining tears, 
easily agglutinated ; of a strong durable smell; an acrid and bitter taste: at other 
times in lumps. It exudes either spontaneously or from incisions made into the stem 
of the bubon gaibanumy a plant of the family of umhtlliftrcR^ which grows in Africa, 
particularly in Ethiopia. It contains 67 of resin; 19*3 of gum; 6*4 of volatile oil 
and water ; 7*5 of woody fibres and other impurities ; with traces of acid malate of 
lime. 

GALENA {Plomb sulfure, Fr. ; Eleiglanz, Germ.) is a sulphide (sulphuret) of 
lead. It is of a lead-grey colour, crystallises in the cubical system, and is susceptible 
of cleavages parallel to the faces of the cube ; sp. gr. 7*7592 ; cannot be cut ; fusible 
at the blowpipe with exhalation of sulphureous vapours; is easily reduced to metallic 
lead. Nitric acid first dissolves it, and then throws down .sulphate of lead in a white 
precipitate; the solution affording with plates of zinc brilliant laminae of lead (arbor 
Saturni). It consists of sulphur 13 ; lead 85 ; with a little iron, and generally a small 
quantity of silver. This is the richest ore of lead, and it occurs in almost every geo- 
logical formation, in veins, in masses, or in beds. Galena in powder, called Alquifoux, 
is employed as a glaze for coarse stoneware. See Lead. - 

GALIPOT, is a name of a white semi-solid viscid resin, found on fir-trees ; or an 
inferior sort of turpentine, poor in oiL 

GALL OF ANIMALS. See Ox Gall. 

, GALL OF GLASS, called also SANDIVER, is the neutral salt skimmed off the 
surface of melted crown glass ; which, if allowed to remain too long, is apt to be re- 
absorbed in part, and to injure the quality of the wieta/, as the workmen call it. See 
Glass. 

GALL.'ITES; salts consisting of gallic acid combined with bases; the most im- 
ponant being that with oxide of iron, constituting a principal part of the black dye. 

GALLERY, in mining, in some districts, an underground horizontal d^cavation. 

GALLIARD, a north of England term for a hard, smooth, flinty grit. 

GALLIC ACID is the peculiar acid extracted from gall-nuts. See Gall-nuts. 

GALLIPOLI OIL is a coarse olive oil, containing more or less mucilage, imported 
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from a seaport so named, of the province of Otranto, in the kingdom of Naples. See 
Olive Oil. 

GALL-NUTS, or GALLS (Abtx de Galle, Fr. ; GaUiipfely Germ.), are ex- 
cr^cences foand uppn the leaves and leaf-stalks of a species of oak, called Quercus m~ 
Jectoria, which grows in the Levant. They are produced in coDse<pience of the 
puncture of the female of the gall wasp ( Ctptips folu quercus)^ made in order to deposit 
her eggs ; round which the juice of the tree exudes, and dries in concentric portions. 
When the insect gets fully formed, it cats through the nut and flies off*. 

The Levant galls are of two different appearances and qualities ; the first are heavy, 
compact, imperforated, the insect not having been sufficiently advanced to eat its way 
through the shell; prickly on the siirf.ice; of a blackish or bluish green hue ; about 
the size of a musket ball. These are called blacky blue, or Aleppo galls. The second 
are light, spongy, pierced with one or more boles; smooth upon the surface, of a pale 
greyish or reddish yellow colour, generally larger than the first, and are called uhite 
galls; but they are inferior to the former, and great care should be taken in the pur- 
chase of the best quality, for these are often dyed by dishonest traders to imitate the 
best blue Aleppo galls, but the^fraud may be detected by the small hole made by the 
insect in the white galls, so that if the blue galls have holes, we may be sure they are 
not genuine. 

Besides the galls of the Levant, others come from Dalmatia, Illyria, Calabria, 
&c. ; but they are of inferior quality, being found upon the Qucrcus ctms ; they are 
smaller, of a brownish colour, and of inferior value. The further south the galls are 
grown, they are reckoned the better. 

Galls consist principally of three substances ; tannin, or tannic acid ; yellow extrac- 
tive ; and gallic acid. Their decoction has a very astringent and unpleasant bitter taste. 
The following are their habitudes with various reagents : — 

Litmus paper is powerfully r^dened. 

Stannous chloride ( protomuriatc of tin) produces an Isabel yellow precipitate. 

Alum ; a yellowish grey precipitate. 

Acetate of lead; a thick yellowish white precipitate. 

Acetate of copper ; a chocolate brown precipitate. 

Ferric sulphate (red sulphate of iron) ; a blue precipitate. 

Sulphuric acid ; a dirty yellowish precipitate. 

Acetic acid brightens the muddy decoction. 

The galls of the Qiiercus cerris and common oak ( GaHcs a repine^ Fr. ; Knoppern, 
Germ.) are of a dark-brown colour, prickly on the surface, and irreg^ar in shape and 
size. They are used chiefly for tanning in Hungary, Dalmatia, and the southern pro- 
vinces of the Austrian states, where they abound. 

Tannin or tannic acid is prepared as follows : Into a long narrow glass adopter tube, 
shut at its lower orifice with a cotton wick, a quantity of pounded galls are put, and 
slightly pressed down. The tapering end of the tube being inserted into a matrass or 
bottle, the vacant upper half of the tube is filled with sulphuric ether, and then closed 
with a ground-glass stopper. Next day there will be found in the bottle a liquid in 
two distinct strata; of which the more limpid occupies the upper part, and the other, 
of a spnipy consistence and amber colour, the lower. IVIore ether must be filtered 
through the galls, till the thicker liquor ceases to augment. Both are now poured 
into a funnel, closed with the finger, and after the dense liquor is settled at the bottom, 
it is steadily run off into a capsule. This, after being washed repeatedly with ether, 
is to be transferred into a stove chamber, or placed under the receiver of an air pump 
to be evaporated. ^ The residuary matter swells up in a spongy crystalline f()rm of 
considerable brilliancy, sometimes colourless, but more frequently of a faintly yel- 
lowish hue. 

This is pure tannin, which exists in galls to the amount of from 40 to 45 per cent. It 
is indispensable that the ether employed in the preceding process be previously 
agitated with water, or that it contain some water, because by using anhydrous ether, 
not a particle of tannin will be obtained. 

Tannic acid is a white or yellowish solid, inodorous, extremely astringent, very solu- 
ble in water and alcohol, much less so in sulphuric ether, and uncrystallisable. Its 
watery solution, out of contact of air, undergoes no change ; but if, in a very dilute state, 
it 1^ left exposed to the atmosphere, it loses gradually its transparency, and lets fall 
a slightly greyish crystalline matter, consisting almost entirely of gallic acid. For pro- 
curing this acid in a perfectly pure state, it is merely necessary to treat that solution 
thus changed with animal charcoal, and to filter it in a boiling state, through paper 
previously washed with dilute muriatic acid. The gallic acid will fall down in crystals 
as the liquid cools. 

If the preceding experiment he made in a graduated glass tube containing oxygen 
over mercury, this gas will be absorbed, and a corresponding volume of carbonic acid 
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gas will be disengaged. In this case the liquor will appear in the course of a few weeks 
as if traversed with numerous ciystalliue colourless needles of gallic acid. 

Tannin or tannic acid consists of carbon, 51 56 ; hydrogen, 4*20 ; oxygen. 44*24. 

From the above facts it is obvious that gallic acid does not exist ready formed in 
gall-nuts, but that it is produced by the reaction of atmospheric oxy^n upon the tannin 
of these concretions. 

Gallic acid is a solid, feebly acidulous and styptic to the taste, inodorous, crystallis- 
ing in silky needles of the greatest whiteness; soluble in about 100 times its weight of 
cold, and in a much smaller qua^ty of boiling water; more soluble in alcohol than in 
water, but little so in sulphuric ether. 

Gallic acid does not decompose the salts of protoxide of iron, but it forms, with the 
sulphate of the peroxide, a dark blue precipitate, much less insoluble than the tannate 
of iron. 

Galls imported in 1857 




Cwts. 

Computed 
real value. 

From 

France - - - 

- 437 - 

- £2,092 


Greece 

- 333 - 

- 1,594 

»» 

Turkey Proper - 

-2,113 

- 10,116 


Syria and Palestine 

-3,135 

- 15,009 


United States 

- 382 

- 1,829 

» 

British East Indies 

- 936 

- 4,481 


Other parts - 

- 744 

8,080 

- 3,562 

£38,683 


GALVANISED IRON. This is the name, improperly ^ven, first in France, and 
subst^quently adopted in this country, to iron coated with zi|ic by a peculiar patent 
process. 

In ISv'lT Mr. II. W. Crawfurd patented a process for zincing iron. In the 
pertvry of Patent Ini'entlons ” his process is thus described: — Sheet iron, iron castings, 
and various other objects in iron are cleaned and scoured by immersion in a bath of 
water, acidulated with sulphuric acid, heated in a leaden vessel, or used cold in one 
of wood, just to remove the oxide. They are then thrown into cold water, and taken 
out one at a time to be scoured with sand and water with a piece of cork, or more 
usually with a piece of the husk of the cocoa nut, the ends of the fibres of which serve 
as a brush, and the plates are afterwards thrown into cold water. 

Pure zinc covered with a thick layer of sal-ammoniac is then melted in a bath, and 
the iron, if in sheets, is dipped several sheets at a time in a cradle or grating. The 
sheets are slowly raised to allow the superfluous zinc to drain off, and are thrown 
whilst hot into cold water, on removal from which they only require to be wiped 
dry. 

Thick pieces are heated before immersion in a reverberatory furnace, to avoid 
cooling the zinc. Chains are similarly treated, and on removal iVom the zinc require 
to be shaken until cold to avoid the links being soldered together. Nails and small 
articles are dipped in muriatic acid, and dried in a reverberatory furnace, and then 
thrown altogether in the zinc, covered with tbesal-ammouiacjeft for one minute, and 
taken out slowly with an iron skimmer; they come out in a mass soldered together, 
and for their separation are afterwards placed in a crucible and surrounded with 
charcoal powder, then heated to redness and shaken about until cold for their separa- 
tion. Wire is reeled through the zinc, into which it is compelled to dip by a fork or 
other contrivance. It will be understood that the zinc is melted with a thick coat of 
sal-ammoniac to prevent the loss of zinc by oxidation. 

Mr. MalJett coated iron with zinc by the following process: — 

The plates are immersed in a cleansing bath of equal parts of sulphuric or muriatic 
acid and water, used warm ; the works are then hammered and scrubbed with emery 
and saad to detach the scales, and to thoroughly clean them ; they are then immersed 
in a “ preparing bath " of equal parts of saturated solutions of muriate of zinc and sal- 
ammoniac, iVom which the works are transferred to a fluid metallic bath, consisting of 
202 parte of mercury and 1292 parts of zinc, both by weight, to every ton weight of 
which alloy is added above one pound of either potassium or sodium, the latter being 
preferred As soon as the cleaned iron-works have attained the melting heat of the 
triple alloy, they are removed, having become thoroughly coated with zinc. At the 
proper fusing temperature of this alloy, which is about 680 ^ Fahr., it will dissolve a 
plate of wrought iron of an eighth of an inch thick in a few seconds. ^ 

Morewood and Rogers’s galvanised tinned iron is prepared under several patents. 
Their process is as follows: — 

The sheets are pickled, scoured, and cleaned just the same as for ordinary tinning. 
Voir II. y 
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A large wooden bath is then half filled with a dilute solution of muriate of tin, pre* 
pared by dissolving metallic tin in concentrated muriatic acid, which requires a period 
of two or three days. Two quarts of the saturated solution are added to .‘500 or 400 
gallons of the watQT contained in the bath. Orerthe bottom of the baili is first spread 
a thin layer of finely granulated zinc, then a cleaned iron plate, and so on, a layer of 
granulated zinc and a cleaned iron plate alternately, until the bath is lull ; the zinc 
and iron together with the fluid constitute a weak galvanic battery, and the tin is 
deposited from the solution so as to coat the iron with a dull uniform layer of metallic 
tin in about two hours. , 

The tinned iron is then passed through a bath containing fluid zinc, covered with 
sal-ammoniac mixed with earthy matter, to lessen the volatilisation of tlie sal-ammo- 
niac, which becomes as fluid as treacle. Two iron rollers immersed below the sur- 
face of the zinc, are fixed to the bath and are driven by machinery to carry the plates 
through the fluid metal at any velocity previously detennined. The plates are received 
one by one from the tinning bath, drained for a short time, and passed at once, whilst 
still wet, by means of the rollers, through the bath as described. The plates take up 
a very regnlar and smooth hyer of zinc, which, owing to the* presence of the tin 
beneath, assnmes its natural crystalline character, giving the plates an appearance 
resembling that known as the moiree metallique. — See Hunt's Handbook to the Great 
Exhibition, 

It is stated that galvanised iron plates cut with shears so as to expose the central 
iron become zinced round the edges, and at the holes where the nails were driven. 
We are also informed that ungalcanised iron will, if moist when near galvanised 
plate, become zinced, and that telegraph wires, where cut through, become coated by 
the action of the rain-water on the galvanised portion of the surfaces. 

It has been stated that the galvanised iron is not more durable than unprotected 
iron ; that, indeed, wht^ the nne is by any accident removed the destruction is more 
rapid than ordinary. We have made especial inquiries, and find that in forges where 
there is any escape of sulphur vapour the galvanised iron does not stand well : but 
that under all ordinary circumstances it has the merit of great durability in addition 
to its other good qualities. 

GALVANO-PLASTIC. The German name of Electro-metallurgy. 

GAMBIR, or GAMBIER. The Malayan name of an extract obtained from the 
Vnearia Gamhier, It is the Terra Japonica of tanners. 

Two methods of obtaining gambir are described : one consists in boiling the leaves 
in water, and inspissating the decoction; the other, which yields the best gambir, 
consists in infusing the leaves in warm water, by which a fecula is obtained, which is 
inspissated by the heat of the sun and formed into cakes. The best gambir is made 
at Rhio, in the Isle of Brittany, in the Eastern Archipelago ; and the next best is 
that of Lingin. It is principally imported from Singapore, and is used principally for 
tanning, under the name of Terra Japonica. The Mimosa catechu yields a different 
extract from the gambir, but catechu and gambir are often confounded. 

The imports have been 1856, 85.‘56 tons ; 1857, 1 1,047 tons. 

GAMBIR CATECHU. See Catechu. 

GAMBOGE. (^Gomme Gulte, Fr.; Gutti^ Germ.) Gamboge appears to have been 
first brought from China about 160.3, and its oriental name was said to be Ghittaiemon, 

It is generally supposed to be produced from the Hebradendron cambogioides of 
Graham, and the Xanthochymus ovalifolius of Roxburgh. In Ceylon the gamboge is 
obtained by wounding the bark of the-tree in various places with a sharp stone, when 
the flowere begin to appear. Gamboge is imported from Siam, by way of Singapore 
and Penang. It is known in three forms. In rolls or solid cylinders ; in pipes or hollow 
cylinders ; in cakes or amorphous masses. Gamboge in small quantities is also 
obtained in Ceylon. 

Gamboge consist of— 


Resin - 

• 

. 

_ 

. 

- 74-2 

Soluble gum 

- 

. 

- 

- 

- 21-8 

Moisture 

- 

- 

- 

- 

- 4-8 


100-8 

Gamboge is employed as an artist’s colour ; it is used to colour vamisbes and lac- 
quers, and it is administered medicinally. 

We imported in 1857, 248 cwts. 

G AMM AM. A dye stuff, so called, from Tunis. Examples were sent to tbis coun- 
try in 1851. but it does not appear to have been introduced since that time. 

GANGUE. A word derived from the German gang, a vein or channel. It sig- 
nifies the mineral substance which either encloses or usually accompanies any metallic 
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ore in the vein. Quartz, lamellar carbonate of lime, sulphate of baryta, sulphate 
and fluate of lime, generally form the gangues ; but a great many other substances 
become such when they predominate in a vein. In mineral works the first thing is 
to break the mixed ore into small pieces, in order to separate the valuable from the 
useless parts, by processes called stamping, picking, sorting. See Mining. 
GARANCIN. See Madder. 

GARANCEUX. See Madder. 

GARLIC. Allium sativum. This plant is well known, and is much used in flavour- 
ing sauces. 

It is found by analysis to contEun an acrid volatile oil, gum, woody fibre, albumen, 
water, with sulphur, starch, and saccharine matter. The oil of garlic is a sulphide of 
aUyle, AllS = C»H“S. 

GARNET. {Grenat, Fr.) Garnet is a silicate of some base, which may be lime, 
magnesia, oxide of iron, &c. 

There are six sub-species of garnet, viz. : — 

I. Alumina-lime garnet, consisting of the silicates of alumina and lime. 

II. Alumina-magnesia garnet, consisting of the silicates of alumina and magnesia. 

III. Alumina-iron garnet, consisting of the silicates of alumina and iron. 

IV. Alumina-manganese garnet, consisting of the silicates of alumina and man- 
ganese. 

V. Iron-lime garnet, consisting of the silicates of iron and lime. 

VI. Lime-chrome garnet, consisting of the silicates of lime and oxide of chromium. 

I. Lime-garnet, or grossniar, is composed of silica, 40-1 ; alnmina, 22‘7 ; lime, 37'2 
= loot). Colour, pale greenish, clear red, and reddish orange, cinnamon colour. 
Before the blowpipe, fuses to a slightly greenish glass or enamel ; soluble, when pow- 
dered, in concentrated muriatic acid. 

This section comprises cinnamon-stone or Essonilfe, groAnlar or Wiluite, Roman- 
zovite, topazolite, and succinite. 

II. Magnesia-garnet is of a deep coal-black colour, with a resinous lustre. The 
variety from Arendal is composed of silica, 42 45; alumina, 22 47 ; protoxide of iron, 
9-29 ; protoxide of manganese, 6-27 ; magnesia, 13-43 ; lime, 6-53 = 100-44. — {Wacht- 
meister.) Before the blowpipe, easily fusible, forming with intumescence a dark 
greyish-green globule, which is non-magnetic. 

III. Iron-garnet comprises the almandine or precious garnet, allochroite, and com- 
mon garnet. It is composed of silica, 3&-.3 t alumina, 20-5; protoxide of iron, 43*2 =» 
100-0. Before the blowpipe, fuses rather easily with an iron reaction. 

IV. Manganese-garnet, or spessartine, is of a brownish-red colour, and is composed 

of silica, 35-83; alumina, 18 06; protoxide of iron, 14-93; protoxide of manganese, 
30-96 = 99-78. (Analysis of M. garnet from Haddam, U. S., by Neyiert) Before the 
blowpipe, gives a manganese reaction. ' - m. 

V. Iron-lime garnet includes aplome, colophonitc, melanite, and pyreiieit& Tbetra 
vary in colour from dark red, brownish-blac^ to black, possess a shining lustre, 
which is sometimes resinous, as in colophonite. 

Analysis of the aplome of Altenau .-—Silica, 35-64 ; lime, 29-22 ; protoxide of iron, 
30-00 ; protoxide of manganese, 3 01 ; potoh, 2 35 = 100-22.— Wdchtmeister. 

VI. Lime-chrome garnet, or ourarovite, is of an emerald-green colour. Sp. gr., 
3-418. Before the blowpipe it is infusible alone, but with borax affords a chrome- 
green glass. It occurs at Bissersk, in Russia. 

Analysis by Erdmann : — Silica, 36-93 ; alumina, 5-6S; peroxide of iron, 1-96; oxide 
of chrome, 21-84; magnesia, 1-54; carbonate of lime, 31-66; oxide of copper, a trace 
= 99 58. 

The garnet varies greatly in transparency, fracture, and colour ; but when the 
colours are rich, and the stone is free from flaws, it constitutes a valuable gem, which 
may be distinguished by the following properties : — 

The colour should be blood or cherry-red; on the one hand often mixed more or 
less with blue, so as to present various shades of crimson, purple, and reddish violet, 
and on the other hand, with yellow, so as to form orange-r^ and hyacinth brown. 

The stones vary in size from the smallest pieces that can be worked to the size of 
a nub When above that size they are scarcely ever free from flaws, or sufficiently 
transparent for the purposes of the jeweller. 

The garnets of commerce are procured from Bohemia, Ceylon, Pegu, and the Brazils. 
By jewellers they are classed as Syrian, Bohemian, or Cingalese, rather from their 
relative value and fineness, than with any reference to the country from^hich they 
are supposed to have been brought. 

Those most esteemed are called Syrian garnets, not because they come from Syria, 
but after Syrian, the capital of Pegu, which city was formerly the chief mart for the 
finest garnets. The colour of the Syrian garnet is violet-purple, which, in some rare 
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instances. Tics with that of the finest oriental amcthjst ; but it may bo distin^ished 
from the latter by acquiring an orange tint by candle-light. The Syrian garnet may 
be also distinguished from all the other varieties of garnet in preserving its colour 
(even when of considerable thickness and unassisted by foil), unmixed with the black 
tint which usually obscures this gem. The Bohemian garnet is generally of a dull 
poppy-red colour, with a very perceptible hyacinth-orange tint when held between 
the eye and the light. ^Mien the colour is a full crinison it is called pjropt.-, or fire 
garnet, a stone of considerable value when perfect and of large size. 

The best manner of cutting the pyrope is en caixichm^ with one or two rows of small 
facets round the girdle of the stone. The colour appears more or less black when 
the stone is cut in steps, but when cat en cabochon^ the points on which the light falls 
display a brilliant fire-red. 

Garnet is easily worked, and when facet-cut is nearly always (on account of the 
depth of its colour) formed into thin tables, which are sometimes concave or hollowed 
out on the under side. Cut stones of this latter description, .when skilfully set, with a 
bright silver foil, have often been sold as rubies. 

The garnet may be distinguished from corundum or spinel by its duller colour. 
Coarse garnets reduced to a fine powder are sometimes used as a substitute for emery 
in polishing metals. 

Bohemian garnet. See PvRorE. — 11. W. B. 

GAS. (Gas, Fr. ; Gar, Germ.) The generic name of all such elastic fluid.*; as are 
aerifonn under a considerable pressure, at the zero of Fahrenheit. Oxygen, hydrogen, 
and nitrogen, are permanent ga.ses; many of the other vaporiform bewlies have been 
condensed by the joint power of cold and mechanical force. See (Ires DicUonary of 
Chemistry. 

GAS HOLDEI^ A vessel for containing and preserving gas, of which various forms 
are described by cl|ftp iical writers. 

GAS, LAUGII|PlO.» Protoxide of Nitrogen; also Protoxide of Azote^ and Nitrous 
Oxide* This gas Is always prepared from the nitrate of ammonia ; it was first described 
by Priestley, in 1776, and carefully slndied by Davy, This gas is chiefly remarkable 
for the peculiar intoxication which it produces when breathed. It is not to ho used 
without much caution. If it is not very pure, serious consequences may ensue ; and 
even when absolntely pnre, the editor has seen tlie nitrous oxide produce very dis- 
tressing effects. It is not used in the arts. See lire's Dictionary of Chemistry* 

GASOMETER, means properly a measurer of gas, though it is employed often to 
denote a recipient of gas of any kind. See Coal-Gas. 

GAS-PIPES, When the illumination by gas was first introduced in the large way 
by Aaron Manby, Esq., then of the Horsley Iron Works, the old musket barrels, laid 
by in quiet retirement from the fatigues of the last war, were employed for the con- 
veyance of gas 5 and by a curious coincidence, various iron foundries desisted in a 
great measure from the manufacture of iron ordnance, and took up the peaceful employ- 
ment of casting pipes for gas and water. 

The brt-ach-ends of the musket-barrels were broached and tapped, and the muzzles 
were screwed externally, to connect the two without detached sockets. From the 
rapid increase of gas illumination, the old gun-barrels soon became scarce, and new 
tubes with detached sockets, made by the old barrel-forgers, were first resorted to. 
This led to a series of valuable contrivances for the manufacture of the wrought iron 
tubes, commencing with the RusselFs patent, in 1824, under which the tubes were first 
bent up by hand hammers and swages, to bring the edges near together ; and they 
were welded between semi-circular swages, fixed respectively in the anvil, and the 
face of a small tilt-hammer worked by machinery, by a series of blows along the tube 
either with or without a mandrel. The tube was completed on being passed between 
rollers with half-round grooves, which forced it over a conical or egg-shaped piece at 
the end of a long bar to perfect the interior surface. 

Various steps of improvements have been since made ; for instance, the skelps were 
bent at two squeezes, first to the semi-cylindrical, and then to the tabular form pre- 
paratory to welding, between a swage tool five feet long worked by machinery. The 
whole process was afterwards carried on by rollers, but abandoned on account of the 
unequal velocity at which the greatest and least diameters of the rollers travelled. 

In the present method of manufacturing the patent welded tube, the end of the skelp 
is bent to the circular form, its entire length is raised to the welding heat in an ap- 
propriate furnace, and as it leaves the furnace almost at the point of fusion it is dragj^ 
by the chaHi of a draw-bench, after the manner of wire, through a pair of tongs with 
two bell-mouthed jaws, these are opened at the moment of introducing the end of the 
skelp, which is welded without the agency of a mandrel. 

this ingenious arrangement wrought-iron tubes maybe made from the diameter 
of six inches internally, and about one-eighth to three-eighths of an inch thick, to ft* 
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small as one quarter incb diameter and one-tenth bore ; and so admirably is the join- 
ing effected in those of the best description, that they vill withstand the greatest 
pressures of gas, steam, or water to which they have been subjected, and they admit 
of being bent both in the heated and cold state almost with impunity. Sometimes 
the tubes are made one upon the other when greater thickness is required, but 
these stout pipes and those larger than three inches are comparatively but little used. 
— ( HoUzapffel , ) 

GASSING, in order to remove the hairy filaments from net-lace and other woven 
fabrics, they are passed over a large number of minute jets of gas, and between 
rollers. 

GAULT, a local term in some parts of England for clay, has been adopted into 
geological nomenclature to denote the argillaceous strata which separate the upper 
and lower greensands. It is a dark blue or grey clay, used for making oricks and 
tiles; it affords a poor agricultural soil, which is generally converted into pasture. — 
H. W, B. 

GAULTHERIA Oil* Winteroreen Oie, which see. 

G AULTHERINE. When the powdered bark of b^la lenta is exhausted with cold 
alcohol of 95® it can afford no more oil. The fiuid wmch contains the gaultheriue has 
a sliglitly bitterish taste, and by evaporation it forms a dry gummy mass, which at a 
high heat leaves a coally residual. Oil of vitriol dissolves the gaultherine with a red 
colour and the flavour of the oil. 

GAUZE WIRE CLOTH is a textile febric, either plain or tweeled, made of brass, 
iron, or copper wire, of very various degrees of fineness and openness of textures. 
Its chief uses are for sieves and safety lamps. 

GAY-LUSSITE, is a white mineral of vitreous fraiture^which crystallises in 
oblique rhomboidal prisms ; specific gravity from 1 *93 to 1 ; scratches gypsum, but 

•is scratched by calcspar; affords water by calcination ; it.ctiflsisis of carbonic acid, 
28-664 soda, 20-44 ; lime, 17-70; water,32-30; clay, 1*00. It fact, by my ana- 
lysis, a hydrated soda-carbonate of lime in atomic j report ioifc. mineral occurs 

abundantly in insulated crystals, disseminated through the bed of clay which covers the 
uraoy or native sesquicarbonate of soda, at Lagunilla in Columbia. 

GELATINE (Eng. and Fr.*, Gatfcrt, Xem, Germ.) is an animal product which is 
never found in the humours, but it may be obtained by boiling with water the soft and 
solid parts ; as the muscles, the skin, the cartilages, bones, ligaments, tendons, and 
membranes. Isinglass consists of from 86 to 93 per cent, of gelatine. This substance 
is very soluble in boiling water ; the solution forming a tremulous mass of jelly when 
it cools. Cold water has little action upon gelatine. Alcohol and tannin precipitate 
gelatine from its solution ; the former by abstracting the water, the latter by combin- 
ing with the substance itself into an insoluble compound, of the nature of leather. 
No other acid, except the tannic, and no alkali, possesses the property of precipitating 
gelatine. But chlorine and certain salts render its solution more or less turbid ; as the 
nitrate and bi-chloride of mercury, the proto-chlorid^^f tin, and a few others. 
Sulphuric acid converts a solution of gelatine at a boiling beat into sugar. Gelatine 
consists of carbon, 47*88 ; hydrogen, 7*91 ; oxygen, 27*21. 

Gelatine is produced by boiling the skin of animals in water, which in its crude 
but solid state is called glue, and when a tremulous semi-liquid, size. See those 
articles. 

A fine gelatine for culinary uses is prepared and sold as Nelson’s patent gelatine. It 
is thus prepare* — After washing the parings, &c., of skin, he scores their surfaces, and 
then digests them in a dilute caustic soda lye during ten days. They are next placed 
in an air-tight vat, lined with cement, kept at a temperature of 70® Fahr.; then washed 
in a revolving cylinder apparatus with plenty of cold water, and afterwards exposed to 
the fumes of burning sulphur (sulphurous acid) in a wooden chamber. They are now 
squeezed to expel the moisture, and finally converted into soluble gelatine, by water in 
earthen vessels, enclosed in steam cases. The fluid gelatine is purified by straining it 
at a temperature of 100® or 120® Fahr. 

A sparkling gelatine has been prepared under a patent panted to Messrs. J. and 
G. Cox, of Edinburgh. By their process the substance is rendered perfectly pure, 
while it possesses a gelatinising force superior even to isinglass. It makes a splendid 
calves -fSet jelly and a milk-white blanc-mange. The patentees also prepare a semi- 
solid gelatine, resembling jujubes, which readily dissolves in warm water, as also in the 
mouth, and may be employed to make an extemporaneous jelly. 

The gelatine of bones may be extracted best by the combined action of steam 
and a current of water trickling over their crushed fragments in a properly con- 
structed apparatus. "When the gelatine is to be used as an alimentary article, the 
bones ought to be quite fresh, well preserved in brine, or to be dried strongly by a 
stove. Bones are best crushed by passing them between grooved iron rolls. The 
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cast-iron cylinders in which they are to he steamed, shonid be three times greater in 
length than in diameter. To obtain 1000 rations of gelatinous soup daily, a charge 
of four cylinders is required ; each being 3\ feet long, by 14 inches wide, capable of 
holding 70 lbs. of bones. These will yield each hour about 20 gallons of a strong 
jelly, and will require nearly 1 gallon of water in the form of .steam, and 5 gallons 
of water to be passed through them in the liquid state. The 5 quarts of jelly pro- 
duced hourly by each cylinder proceeds from the 1 quart of steam-water and 4 quarts of 
percolating water. 

The boiler should furnish steam of about 223° Fahr., at a pressure of about 4 lbs. 
on the square inch. 

In fig. 885 A, B, c, D, represents a vertical section of the cylinder ; c, h, i, k, a 

section of the basket or cage, as 
filled with the bruised bones, 
inclosed in the cylinder ; e, c, c, 
the pipe a Inch conducts the 
steam down to the bottom of the 
cylinder ; E, s, a pipe for intro- 
ducing water into the interior ; 
M. a stopcock for regulating 
the quantity of water (according 
to the force of the steam pressure 
within the apparatus), which 
should be Sj quarts p<“r hour; 
N is a tube of tin plate fitting 
tightly into the part s of the 
pipe E ; it is shut at R, and per- 
forated below with a hole ; it 
is inserted in its place, after the 
cage full of bones has been in- 
troduced. Fig. 886 is an ele- 
vation of the apparatus. A, b, 
c, B, represent the four cylin- 
ders, raised about 20 inches 
above the floor, and fixed in their 
seats by screws ; A A, are the 
lids ; g g, tnbulurcs or valves in 
the lids ; i, ring junction of the lid j p, a thermometer ; / /, stop-cocks for drawing 
oflf the jelly ; n n small gutters of tin-plate ; m, the general gutter of discharge 

886 




into the cistern A ; o, a block and tackle for hoisting the cageful of bones in and out 
Fig. 887 is.an end view of the apparatus ; n, the main steam pipe ;a. A, c, c, branches 
that conduct the steam to the bottom of the cylinder; o, the tackle for raising the 
cage; s, stopcock; n, small gutter; m, main conduit ; A, cistern of reception. 

When a strong and pure jelly is wished for, the cylinder charged wifti the hones is 
to be wrapped in blimket staff; and whenever the grease ceases to drop, the stopcock 
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which admitfi the cold water is to be shut, as also that at the bottom of the cylinder, 
which is to be opened only at the end of every hour, and so little as to let the gelatinous 
solution run out, without allowing any of the steam to escape with it 

Butchers’ meat contains on an average in 100 887 

pounds, 24 of dry flesh, 56 of water, and 20 of 
bones. These 20 pounds can furnish 6 pounds of 
alimentary substance in a dry state; whence it 
appears that, by the above means, one fourth 
more nutritious matter can be obtained than is 
usually got. A keen dispute has been carried on 
for some time in Paris, between the partisans and 
adversaries of gelatine as an article of food. It is 
probable that both parties have pushed their argu- 
ments too far. Calf’s-foot jelly is still deemed a 
nutritious article by the medical men of this coun- 
try, at least, though it is not to be trusted to alone, 
but should have a due admixture or interchange of 
fibrine, albumen, caseine, &c. See Nutrition. 

French Gelatine is sold in cakes, marked, like 
those of common glue, with the nets on which 
they have been dried. This gelatine is made at 
Paris, from the cuttings of skins used for making 
white kid gloves; it is coloured red, green, and 
blue, as well as sold colourless. 

Swinboume's patent refined isinglass is a pure 
form of gelatine, procured from the skins of calves 
cut into very thin slices and treated simply with 
water at or about 200°. 

D’Arcet, in h.\s Rcserches sur Ics Substances nutritive qne ren ferrdtiitles Os, states, that 
in Paris, bones of all kinds are first digested with hydrochloric acid to extract the 
phosphate of lime, and then boiled in water under pressure. In this way a nutritious 
soup is prepared for the hospitals and other pauper establishments. See Isinglass. 

GEMS are precious stones, which, by their colour, limpidity, lustre, brilliant polish, 
purity, and rarity, are sought after as objects of dress and decoration. They form the 
principal part of the crown jewels of kings, not only from their beauty, but because 
they are supposed to comprise the greatest value in the smallest bulk ; for a diamond, 
no larger than a nut or an acorn, may be the representative sign of the territorial value 
of a whole country, the equivalent in commercial exchange of a hundred fortunes 
acquired by severe toils and privations. 

Among these beautiful minerals mankind have agreed in forming a select class, to 
which the title of gems or jewels has been appropriated ; while the term precious stone is 
more particularly given to substances which often occur under a more considerable 
volume than fine stones ever do. 

Diamonds, sapphires, emeralds, rubies, topazes, hyacinths, and chrysoheryls, are 
reckoned the most valuable gems^. 

Crystalline quartz, pellucid, opalescen^ or of various hues, amethyst, lapis lazuli; 
malachite, jasper, agate, &c., are ranked in the much more ilumerous and inferior class 
of ornamental stones. These distinctions are not founded upon any strict philosophical 
principle, but are regulated by a conventional agreement, not very well defined ; for it 
is impossible to subject these creatures of fashion and taste to the rigid subdivisions of 
science. We have only to consider the value currently attached to them, and take care 
not to confound two stones of the same colour, but which may be very differently 
prized by the virtuoso. 

Since it usually happens that the true gems are in a cut and polished state, or even 
set in gold or silver, we are thereby unable to apply to them the criteria of mineralogical 
and chemical science. The cutting of the stone has removed or masked its crystalline 
character, and circumstances rarely permit the phenomena of double or single refrac- 
tion to be observed ; while the test by the blowpipe is inadmissible. Hence the only 
scientific resources that remain are the trial by electricity, which is often inconclusive; 
the degree of hardness, a criterion requiring great experience in the person whoeniploj^s 
it ; and, lastly, the proof of specific gravity, unquestionably one of the surest means of 
distinguishing the really fine gems from ornamental stones of similar colour. This 
proof can be applied only to a stone that is not set j but the richer gems are usually 
dismounted when offered for sale. ^ 

This character of specific gravity may be applied by any person of common intelli- 
gence vith tlie aid of a small hydrostatic balance. If, for example, a stone of a fine 
crimson-red colour be off'Tcd for sale asan oriental ruby ; the purchaser must ascertain 
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if it be not a Siberian towmaline, or ruby spinel. Supposing its weight in air to be 100 
grains, if he finds it reduced to 69 grains when weighed in water, he concludes that its 
bulk is equal to that of 31 grains of water, which is its loss of weight. Now, a real 
sapphire which weighs 100 grains in air, would have weighed 76 6 in water; a spinel 
ruby of 100 grains would have weighed 72*2 in water, and a Siberian tourmaline of 
100 grains would have weighed only 60 grains in water. The quality of the stone in 
question, is therefore, determined beyond all dispute, and the purchaser may be thus 
protected from fraud. See the Gesis respectively. 

GEMS, ARTIFICIAL. These are glasses, the material of which they are com- 
posed being called Strass. 

StrasSf the paste or glass which generally forms the principal ingredient of imi- 
tation gems, is called after the name of a German jeweller, by whom it was invented, 
at the coifimencement of the last century. It is composed of silica, potash, borax, the 
various oxides of lead, and sometimes of arsenic : chemically it may be regarded 
as a double silicate of potash and lead. 

The silica may be furnished either by rock crystal, white sand, or flint : but, of these, 
the first is to be preferred, one of the principal considerations in these preparations 
being the extreme purity of tl^ materials or ingredients employed. In this manu- 
facture, which is of more importance, and attended with greater difficulty than most 
persons imagine, perfect success (independently of the choice of materials) depends upon 
the care taken, and the precautions to be observed. No crucibles should be used but 
those which have been proved, both as regards their composition, their power of with- 
standing the strongest heat, and their impenetrability to the action of metallic oxides. 

All the substances to be melted sliotild be first pulverised, and even ground with the 
greatest care. It should be remembered that the most perfect mixture can only be 
effected by numerous siftings, and that a separate sieve should be used for each in- 
gredient, and never be .made to serve for different substances. When mixed, the 
materials should be melted in a crucible placed in the middle of a cylindrical furnace 
terminated in a dome, the height of which should be 7 feet 6 inches, and its diameter 
4 feet 3 inches. The fuel should consist as much as possible of thoroughly dry wood, 
chopped very small. The melting should be effected by means of a beat raised by 
degrees, and then steadily maintained, especially at the maximum temperature ; then 
when once the melting has been thoroughly accomplished, which cannot be in less 
than from twenty to thirty hours, the crucible must be allowed to cool very slowly. 

The art of imitating precious stones in paste has amazingly improved since the time 
of Strass, as was shown by the results of the great Paris exposition of 1855. The 
imitations, especially as regards certain colours, leave little to be desired ; but there 
is something still in that respect in which the imitation is far from being perfect. 

Now that it is proved that the alkalies and vitrifiable earths are oxides of the metak, 
all that has to he done to obtain the finest effects, is to combine them skilfully, and in 
their present forms with other artificially prepared metallic oxides, which have under- 
gone the process of vitrification. 

Experiments ought to be made with all oxidisable and vitrifiable substances, with 
the different salts, fluates, phosphates, phosphoric acid, &c. 

The following are some of the mixtures generally known, but, it must be observed 
here that each artist has his own processes, ingredients, and proportions. 


J^Tixturcs for Strass. 





1. 

2. 

3. 

4. 




Grains. 

Grainis, 

Grains. 

Grains. 

Rock crystal 


- 

3396 2 

3007*8 

2897*5 

3007-8 

Minium 

- 

. 

5280-8 

- - 

4231-25 

— 

White lead (pure) - 

- 


- - 

5641-0 

. . 

5641-0 

Potash (pure) 


. 

1804-77 

10440 

1625 15 

1044-0 

Borax - - - 

- 


232-1 

305-0 

181*28 

301-5 

Arsenic 


- 

10*13 

10-18 

5-09 

— 


Common Strass. 

Litharge, 77*16 ; white sand, 57*73 ; potash, 7*71. 


Sifted rock crystal 
Boracic acid - 
Minium (purest) 


Strass of Douhaut- Wieland. 


- 2897'5 Deutoxide of arsenic 

- 181*18 Potash (purest) 

- 4451 37 


4*92 

1608*53 




GEMS, ARTIFICIAL. 


329 


English Strass. 

Calcined flints - - - 962*5 | Calcined borax - - - 361*9 

Pure potash - - - 481*25 ( Fine white lead - - - 120-89 


Strass Bastenaire. 



1. 

2. 

3. 

4. 

5. 

White sand treated with hydro- 

Gr^Qs. 

Grams. 

Grains. 

Grains. 

Grams. 

chloric acid _ - - 

1543-23 

1543*23 

385-8 

385-8 

385-8 

Minium, first quality 

6*16 

2156* 

771-61 

925-8 

'"848*65 

White potash, well calcined - 


493-76 

108-2 

61-72 

154-32 

Calcined borax . - - 

Crjsfallised nitrate of potash 

308*64 

185*16 

* 

92-58 

123*45 

(nitre) 

185-16 

- -• 

123-44 

- - 

77-16 

Peroxide of manganese - 

61 72 


- - 

154*32 

- - 

Deutoxide of arsenic 


9*26 

- • 

23*15 

“ 


Variously coloured strass. 

Topaz : No. I. 

Whitest strass, 842*079 ; glass of antimony, 36*421 ; purple of Cassius, 0*738. 

Another. ' 

«■ 

White lead of Clichy, 771'6 ; flints calcined andpulTeri8ed,J71.6. 

Another. 

White sand, well dressed - 1543'23 Oxide of silver ... 7716 

Borax, calcined - - 138-88 Calcined potash ... 493-76 

Minium .... 2237-64 

Sapphire: Whitest strass, 3858-087 ; pure oxide of cobalt, 57-708. 

Ditto: another. Very fine strass, 4^-25! purest oxide of cobalt, 1-697. 

Emerald, No. 1. Strass, 3858.087 ; pure green oxide of copper, 35-643 j oxide of 
chrome, 1-697. 

Ditto: ordinary. Strass, 7716-174 ; acetate of copper, 61-11: oxide of iron, 
12-731. 

Ditto : another. Strass, 481-25 ; oxide of copper precipitated from the nitrate by 
potash, 334 45. 


EaiEBALDS (^Bastenaire). 


Well washed sand - - - - 

Minium ------ 

White potash, calcined - - - - 

Borax, calcined - - - - - 

Yellow oxide of antimony - - - 
Pure oxide of cobalt - - - - 

Green oxide of chrome - - - - 

1. 

2. 

Grains. 

154*32 

231*48 

46*29 

30 86 

7*71 

1*54 

Grains. 

154-32 

231-48 

77-16 

30-86 

3-85 

Amethyst {Bastenaire}. 


Pale. 

Deep coloured. 


Grains. 

Grains. 

Stra^ - - - - - - - 

7716-17 

3858-08 

Oxide of manganese . . - - 

20-39 

36*55 

Oxide of cobalt ----- 

0-848 

^ 20*39 

Purple of Cassius ..... 


0-848 
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Aquamarine. 

Strass, 2913*50; Glass of antimony, 20'370 ; Oxide of cobaU, 1*265. 
Syrian Garnet. 



1. 

0 ^ 


Grams. 

Grams, 

Stress ------- 

427-931 

484-25 

Glass of antimony - - . - 

215*815 

- - 

Purple of Cassius ----- 

1-697 

2*150 

Oxide of manganese - 

1-697 

" - 


Observations. For topaz, No. 1, the clearest and most transparent glass of anti- 
mony should be used. Frequently this mixture only yields an opaque mass, trans- 
lucent on the edges, and transmitting in thin fragments a red colour when held 
between the eye and the light : in that case rubies may be made of it. 

To make them, a portion of the topaz material is taken, and mixed with eight parts 
of fine strass : these are melted in a Hessian crucible for tliirty hours in a potter’s 
furnace, and the result is a beautiful yellow glass-like strass, which, when cut, pro- 
duces an imitation of the finest oriental rubies. 

These may be made of another tint by using tbe following proportions : — 

Strass, 2411*25 ; oxide of manganese, 61*310. 

In the emerald, No. t, by increasing the proportion of chrome or oxide of copper, 
and mixing with it oxide of iron, the green shade may be varied, and the peridot or 
deep tinted emerald may be imitated. 

The manufacture of artificial gems has acquired an extreme development ; immense 
factories are established at Septmoncal in tbe Jura, furnishing employment to more 
than 100 work-people, who produce fabulous quantities. 

Many ingenious persons in Paris vie with one another in bringing to perf ction the 
most perfect processes, and produce truly surprising results. M. Savary espeemliy, in 
his magnificent collections, and his perfect imitation of celebrated diamonds, has 
arrived at a degree of excellence which, apparently, can scarcely be surpassed. 

We have alluded only to those imitations of gems in glass of which a large portion 
of the cheap jewellery is formed. Some very successful attempts have been made to 
manufacture true gems by an artificial process. M. Ebelmen has done much in this 
direction, and M. Henri Sainte Claire Deville and M. Henri Caron communicated to 
the Academy of Sciences of Paris, in April 1858. a process which they had discovered 
for the production of a number of the gems which belong to the corundum class, as the 
ruby, sapphire, &c. Essentially, the process consisted in exposing the fluoride of 
aluminium, mixed with a little charcoal and boracic acid, in a black lead crucible, pro- 
tected from the action of the air, to a white heat for about an hour. For details of 
the process see Comptes Itendns, Annates de. Chimie. 

GENBVA. A grain spirit flavoured withjuniper berries, manufactured extensively 
in Holland; hence it is frequently called Hollands. 

GENTIAN. Gentiana lutea. The common or yellow gentian, which is said to 
owe its name to Gentius king of Illyria, who introduced it as a medicine about 170 
years before Christ. 

The roots of the gentiau are collected and dried by the peasants of Switzerland, the 
Tyrol, and in the Auvergne. 

The bitter of the gentian is agreeable and aromatic ; it is much used in medicine, 
and has on some occasions been ejnployed instead of hops in beer. 

GEODE. A rounded nodule of stone, containing a cavity usually lined with 
crystals. Geodes frequently consist of agate, calcedony, &c. 

GEOGNOSY, 77 ?, the earth, and knowledge, — means the science of the 

substances which compose the earth’s crust. It originated with the German miner- 
alogists. 

GEOLOGY, yriy the earth, and Aoyos, a discourse. The science which treats of 
the structure of the earth, and of the causes which have produced its present physical 
features. 

GERHAJIDT’S ANHYDROUS ACETIC ACID. See Acetic acid, aud refer 
to lire’s Dictionary of Chemistry. 

GERMAN BLACK. See Frankfort Black. 

GERMAN SILVER, See Allot and Copper. M.Gersdorf, of Vienna, states that 
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the proportion of the metals in this alloy shonld Tary according to the uses for -which it is 
destinei When intended as a substitute for silver, it should he composed of 25 parts 
of nickel, 25 of zinc, and 50 of copper. An alloy better adapted for rolling consists of 
25 of nickel, 20 of zinc, and 60 of copper. Castings, such as candlesticks, hells, &c., 
may be made of an alloy, consisting of 20 of nickel, 20 of zinc, and 60 of copper; to 
which 3 of lead are added. The addition of 2 or 2j of iron (in the shape of tin 
plate?) renders the alloys mnch whiter, but, at the same time, harder and more 
brittle. 

Keferstein has given the following analysis of the genuine German silver, as made 
from the original ore found in Hildbnrghausen, near Suhl, in Henueberg: — 


Copper 40'4 

Nickel 31’6 

Zinc 25-4 

Iron .---.----2’6 


1000 

Chinese pakfong, a white alloy, according to the samg anthority, consists of 5 parts 
of copper, alloyed with 7 parts of nickel, and 7 parts of zinc. ^ 

The best alloy for making bearings, bu^es, and steps for the steel or iron gnogeons, 
and pivots of machinery to mu in, is said to consist of 90 parts of copper, 5 of 
zinc, and 5 of antimony. 

GERMAN STEEL. A metal made ofa white iron in forges where charcoal ts em- 
ployed, the ores used being either bog-iron ore or the sparry carbonate. 

GERMAN TINDER. See Amadou. 

GERMINATION. (Eng. and Fr.; Das Keimen, Gem^ .The first indication of 
vital force in the embryo plant. The seed being placed in fhfe soil, a proper tem- 
peratitre existing, and a due (Quantity of water being supplied, a chemical action is 
established, and' heat is developed. In fact, a slow combustion takes place, during 
which oxygen is combined w ith carbon, and carbonic acid is liberated. ^ The starch 
of the grain, by the proce.ss of germination, is converted into sugar by taking into com- 
bination one equivalent of the elements of water. bile this operation is progressing, 
the embryo enlarges, sending down its root radicle into the soil, and forcing upwards, 
towards the light, the cotyledons or leaf lobes, and the plumule. . - • 

These phenomena of the commencement of vegetable life can be well studied m the 
process of Malting, in which the barley, by the conversion of its starch mto sugar, 
becomes malt . . , 

The direct action of sunlight is injurious to the germinating seed, consequently it 
is a law of nature that a dark soil should be the bed in which this remarkable oper- 
ation commences, and is continued until the first leaves appear above the sim In me 
process of malting (which see), care is taken that the floors upon which the gemm- 
ation is established are but dimly Uluminated. - • .v 

GEBOPIG A. A factitious liquor, imported from Portugal and ns»d m this coimtry 
for the adulteration of wipes. It is sometimes spelt Jebupiga. It appe^ to ^ a 
componnd of unfermented grape juice, brandy, sugar, and crfouring ma . 
compound is used even more extensively in the Umted States than m this coimtry. — 

^ GIG Ma\iHINES, are rotatory drums, mounted with thistles or wire teeth for 
teazling cloth. See Woouxif Manufactube. 

GILDING. (Uorurc, Fr.; Vergoldung, Gfna.) This art consists in coveMg bodies 
with a thin coat of gold, which may be done either by mechanical or chemical means. 
The mechanical m^e is the application of gold leaf or gold 
faces, and their fixation by various means. Thus gold may PP. . 
plaster, pasteboard, leather; and to inetals, such as silver, ^PP ’ . t w’verv 

bronze ; so that gilding, generally speaking, mcludes several arts, y ry 

different classes of tradesmen. . , j .i,:. 

I. Mechanjcai, Guniiro. — Oil gilding is the fi^ meth^ unto this head, ^ oil 
is the fluid most generally used in the operation of this mechanical art 1 he follow- 

ing process has been much extolled at Pans. i 

1. A coat of impression is to be given first of all, namely, a coat of white lead paint, 
made with drying linseed oil, containing very little oil o urpen me. 

2. Calcined cerase is to be ground very well with nnhoiled linseed oi . and ^ 

with essence of turpentine, in proportion as it is laid on. o-p tn he 

hard tint are to be applied evenly on the ornaments, and the parts which are to he 

“3.‘ Thf is then to be smoothly applirf, This is merely ^ ^ 

colours, ground and tempered with oU, which remain m the little dish in which painters 
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clean their brushes. This substance is extremely rich and gluey ; after being ground 
up, and passed through fine linen cloth, it forms the ground for gold leaf. 

4. When the gold colour is dry enough to catch hold of the leaf gold, this is spread 
on the cushion, cut into pieces and carefully applied with the pallet knife, pressed down 
with cotton, and on the small ornaments with a fine brush. 

5. If the gildings be for outside exposure, as balconies, gratings, statues, &c., they 
most not be varnished, as simple oil gilding stands better; for when it is varnished, a 
bright snn'beam acting after heavy rain, gives the gilding a jagged appearance. 
When the objects are inside ones, a coat of spirit varnish may be passed over the gold 
leaf, then a glow from the gilder’s chafing di.sh may be given, and finally a coat ot oil 
varnish. The workman who causes the chafing di^h to glide m front of the varnished 
surface, must avoid stopping for an instant opposite any point, otherwise he would 
cause the varnish to boil and blister. This heat brings out the whole transparency 
of the varnish, and lustre of the gold. 

Oil Gilding is employed with varnish polish, upon equipages, mirror-frames, 
and other furniture. The following method is employed by eminent gilders at 
Paris : — 

1. White lead, with half it? weight of yellow ochre, and a little litharge, are sepa- 
rately ground very fine ; and the whole is then tempered with linseed oil, thinned w ith 
essence of turpentine, and applied in an cvAily coat, called impression. 

2. When tlds coat is quite dry, several coats of the hard tint are given, even so 
many as 10 or 12, should the surface require it for smoothing and filling up the pores. 
These coats are given daily, leaving them to dry in the interval in a warm sunny ex- 
posure. 

3. When the work is perfectly dry, it is first softened down with pumice stone and 
water, afterwards with worsted cloth and very finely powdered pumice, till the hard 
tint give no refiection, and be smooth as glass. 

4. With a camel’s hair brush, there must be given lightly and with a gentle 
heat, from 4 to coats at least, and even sometimes double that number, of fine luc 
varnish. 

5. When these are dry, the grounds of the pannels and the sculptures mast be first 
polished with shave-grass (de laprHe') ; and next with putty of tin and tripoli, tempered 
with water, applied with woollen cloth; by which the varnish is polished till it shines 
like a mirror. 

6. The work thus polished is carried into a hot place, free from dust, where it re- 
ceives very lightly aud smoothly, a thin coat of gold colour^ much softened down. This 
coat is passed over it with a clean soft brush, and the thinner it is the better. 

7. Whenever the gold colour is dry enough to take the gold, which is known by 
laying the back of the hand on a corner of the frame work, the gilding is begun and 
finished as usual. 

8. The gold is smoothed off with a very soft brush, one of camel’s hair for example, 
of three fingers’ breadth ; after which it is left to dry for several days. 

9. It is then varnished with a spirit of- wine varnish ; which is treated with the 
chafing dish as above described. 

10. When this varnish is dry, two or three coats of copal, or oil of varnish, are ap- 
plied, ^intervals of two days. 

11. nnally, the pannels are polished with a worsted cloth, imbued with tripoli and 
water, and lustre is given by friction with the palm of the hand, previously softened 
with a little olive oil, taking care not to rub off the gold. 

In this country. Burnished gilding is practised by first giving a ground of size 
whiting, in several successive coats ; next applying gilding size ; and then the gold 
leaf, which is burnished down with agate, or a dog’s tooth. 

Gilding in distemper of the French, is the same as our burnished gilding. Their pro- 
cess seems to be very elaborate, and the best consists of 1 7 operations ; each of them 
said to be essential. 

1. EncoUage, or the Glue coat. To a decoction of wormwood and garlic in water, 
strained through a cloth, a little common salt, and some vinegar are added. This com- 
position, as being destructive of worms in wood, is mixed with as much good glue; 
and the mixture is spread in a hot state, with a brush of boar’s hair. When plaster or 
marble is to be gilded, the salt must be left out of the above composition, as it is apt to 
attract humidity in damp places, and to come out as a white powder on the gilding. But 
the salt is indispensable for wood. The first glue coating is made thinner than the 
second. 

2. White-preparation. This consists in covering the above surface, with 8 , 1 0 , or 1 2 
coats of Spanish white, mixed up with strong size, each well worked on with the brush, 
and in some measure incorporated with the preceding coat, to prevent their peeling off 
in scales. 
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3. Stopping up the pores, with thick whiting and glue, and smoothing the surface 
with dog-skin. 

4. Polishing the surface with pnmice^stone and very cold water. 

5. lifparation ; in which a skilful artist retouches the whole. 

6. Cleansing; with a damp linen rag, and then a soft sponge. 

7. Preler. This is rubbing with horse's tail ishave-grass) the parts to be yellowed, 
in order to make them softer. 


8. YtUotcing. >Vifh this view yellow ochre is carefully ground in water, and mixed 
with transparent colourless size. The thinner part of this mixture is applied hot over 
the white surface with a fine brush, which gives it a fine yellow hue. 

9. Ungraining : consists in rubbing the whole work with shave «grass, to remove any 
granular appearance. 

10. Coat of assiette i trencher coaL This is the composition on which the gold is to 
be laid. It is composed of Armenian bole, 1 pound ; bloodstone (hematite), 2 ounces ; 
and as much galena ; each separately ground in water. The whole are then mixed 
together, and ground up with about a spoonful of olive oil. The assiette well made 
and applied gives beauty to the gilding. The assiette i%tempered with a white sheep- 
skin glue, very clear and well strained. This mixture is heated and applied in three 
successive coats, with a very fine long-haired brush. 

11. Rubbing^ with a piece of dry, dean linen cloth ; except the parts to be bur- 
nished, which are to receive other two coats of assiette tempered with glue. 

12. Gilding, The surface being damped with cold water (iced in summer) has 
then the gold leaf applied to it. The hollow grounds must always be gilded before 
the prominent parts. Water is dexterously applied by a soft brush, immediately 
behind the gold leaf, before laying it down, which mak^ it lie smoother. Any 
excess of w ater is then removed with a dry brush. 

13. Iliinu^fting., with bloodstone. 

14. Ihatknnu}. This consists in passing a thin coat of glue, slightly warmed, over 
the parts that are not to be burnished. 

15. Mending ; that is, moistening any broken points with a brush, and applying bits 
of gold leaf to tliem. 

16. The vcnneil coat. Vermeil is a liquid which gives lustre and fire to the gold: 
and makc'’ it resemble or-mow/u. It is composed as follows : 2 ounces of annotto, 1 
ounce of gamboge, I ounce of vermilion, half an ounce of dragon’s blood, 2 ounces of 
Sait of tartar, and 18 grains of saffron, are boiled in a litre (2 pints English) of water, 
over a slow fire, till the liquid be reduced to a fourth. The whole is then passed 
through a silk or musUn sieve. A little of this is made to glide lightly over the gold, 
with a very soft brush. 

17. Repassage; is passing over the dead surfaces a second coat of deadening 
glue, which must be hotter than the first. This finishes the work, and gives it 
strength. 

Peaf gilding^ on paper or vellum, is done by giving them a coat of gum water w 
fine size, applying the gold leaf ere the surfaces be hard dry, and burnishing with 


Go'h Uttering, on bound books, is given -without size, by laying the gold leaf on the 
leather, and imprinting it with hot brass types. v 

The edges of the leaves of books are gilded, while they are in the press where they 
have been cut smooth, by applying a solution of isinglass in spirits, and laying -on the 
gold when the edges are in a proper state of dryness. The French workmen employ 
a ground of Armenian bole, mixed with powdered sugar-candy, by means of white ot 
egg. This ground is laid very thin upon the edges, after fine size or gum water has 
been applied ; and when the ground is dry it is rubbed smooth with a wet rag, w leh 
moisteus it sufficiently to take the gold. , , \a 

Japanners’ gilding is done by sprinkling or daubing with "^8^ learner, some go 
powder over an oil sized surface, mixed with oil of tnrpentin^ iniisgiv^ the appear- 
ance of frosted gold. The gold powder may he obtained, either by prwipitatmg gola 
from its solution in aqua regia by a solution of pure sulphate tffirwa, or by evaporating 
away the mercury from some gold amalgam. * u* 

II. Chemical Giu>wg, or the appUcation of gold by chemical affinity to metallic 
surfaces. . . . 

A compound of copper with one seventh of brass is the best metal for gilding on ; 
copper by itself beiortoo soft and dark coloured. Orimary brass, however, answers 
very well. We shall describe the process of wash gilding, with M. D Arsj t s late im- 
provements, now generally adopted in Paris. , , , r 

Wash gilding, consists in applying evenly an amalgam of gold to the surface o a 
copper alloy, and dissipating the mercury with heat, so as to leaw the gold film hx^ 
The surface is afterwards burnished or deadened at pleasure. The gold ought to 
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quite pure, andUminAtedto &cilitate its combination with the mercury ; wbichshonld 
also be pore* 

Prq)aratian of ihe amalganL — After weighing the fine gold, the workman puts it in a 
crucible, and as soon as this becomes faintly red, he pours in the reimisite quantity 
of mercury ; which is about 8 to 1 of gold. He stirs up the mixture wifli an iron rod, 
beut hookwiseat the end, leaving the crucible on the ^etill he perceives that all the 
gold is dissolved. He then pours the amalgam into a small earthen dish coutainiog 
water, washes it with care, and squeezes out of it with his fingers all the running mer- 
cury that he can. The amalgam that now remains on the sloping sides of the vessel 
is so pasty as to preserve the impression of the fingers. A'Vhen this is squeezed in a 
shamoy leather bag, it gives up much mercury ; and remains an amalgam, consisting of 
about 33 of mercury, and 57 of gold, in 100 parts. The mercury which passes through 
bag, under the pressure of the fingers, holds a good deal of gold in solution ; and 
is employed in making fresh amalgam. 

preparation of the mercurial solution. — The amalgam of gold is applied to brass, 
through the intervention of pure nitric acid, holding in solution a little mercury. 

100 parts of mercury, and 140 parts by weight of pure nitric acid, specific gravity 
1*33, are to be put into a glass matrass. On the application of a gentle heat the mer- 
cury dissolves with the disengagement of fumes of nitrous gas, which must be allowed 
to escape into the chimney. This solution is to be diluted with about 25 times its 
weight of pure water, and bottled up for use. 

1. Annealing. — The workman anneals the piece of bronze after it has come out of 
the hands of the turner and engraver. He sets it among burning charcoal, or rather 
peats, which have a more equal and lively flame ; covering it quite up, so that it may 
be oxidised as little as possible, and taking care that the thin parts of the piece do not 
become hotter than the thicker. This operation is done in a dark room, and when be 
sees the piece of a cherry red colour, he removes the fuel from about it, lifts it out 
with long tongs, and sets it to cool slowly in the air. 

2. The decapage. — The object of this process is to clear the surface ft*om the coat of 
oxide which may have formed upon it The piece is plunged into a bucket filled with 
extremely dilute sulphuric acid ; it is left there long enough to allow the coat of oxide 
to be dissolved, or at least loosened ; and it is then rubbed with a hard brush. When 
the piece becomes perfectly bright, it is-washed and dried. Its surface may, how'cvcr, 
he still a little variegated ; and the piece is therefore dipped in nitric acid, specific 
gravity 1*33, uid afterwards rubbed with a long-haired brush. The addition of a 
little common salt to the dilute sulphuric acid would probably save the use of nitric 
acid, which is so apt to produce a new coat of oxide. It is finally made quite dry 
(after washing in pure water), by being rubbed well with tanners’ dry bark, sawdust, 
or bran. The surface should now appear somewhat depolisbed ; for when it is very 
smooth, the gold does not adhere so well. 

3. Application of the amalgam. — The glider’s scratch-brush or pencil, made with 
fine brass wire, is to be dipped into the solution of nitrate of mercury, and is 
then to be drawn over a lump of gold amalgam, laid on the slopiniz side of an earthen 
vessel, after which it is to be applied to the surface of the brass. This process is to be 
repeated, dipping the brush into thesolution, and drawing it over the amalgam, till the 
whole sipface to be gilded is coated with its just proportion of gold. The piece is then 
washed in a body of water, dried, and put to the fire to volatilise the mercury. If 
one coat of gilding be insufficient, the piece is washed over anew with amalgam, and 
the operation recommenced till the work prove satisfactory. 

4. Volatilisatum of the mercury. — Whenever the piece is well coated with amalgam, 
the gilder exposes it to glowing charcoal, turning it about, and heating it by degrees 
to the proper point \ he then withraws it from the fire, lifts it with long pincers, and, 
seizing it in his left hand, protected by a staffed glove, he turns it over in every di- 
rection, rubbing and striking it all the while with a long-haired brush, in order to 
equalise the amalgam. He now restores the piece to the fire, and treats it in the same 
way till the mercury be entirely volatilised, which he recognises by the hissing sound 
of a drop of water let fall on it. During this time he repairs the defective spots, taking 
care to volatilise the mercury very slowly. The piece, when thoroughly coated with 
gold, is washed, and scrubbed well with a brush in water acidulated with vinegar. 

If the piece is to have some parts burnished, and others dead, the parts to be bur- 
nished are covered with a mixture of Spanish white, braised sugar-candy, and gum 
dissolved in water. This operation is called in French epargner {protecting'). When the 
gilder has^oticfed the burnished points, he dries the piece, and carries the heat high 
enough to expel the little mercury which might still remain on it. He then plunges 
it, while still a little hot, in water acidulated with sulphuric acid, washes it, dries it, 
and gives it the burnish. 

5. The burnish is given by rubbing the piece with burnishers of hematite (blood- 
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stone). The workman dips his burnisher in water sharpened with vinegar, and rubs 
the piece always in the same direction backwards and forwards, till it exhibits a fine 
polish, and a complete metallic lustre. He then washes it in cold water, dries it with 
fine linen cloth, and concludes the operation by drying it slowly on a grating placed 
above a chafing dish of burning charcoal. 

6. The is given as follows. The piece, covered with the on th(^ 

parts that are to be burnished, is attached with an iron wire to the end of an iron rod, 
and is heated strongly so as to give a brown hue to the epargne by its partial carbon- 
isation. The gilded piece assumes thus a fine tint of gold ; and is next coated over 
with a mixture of sea salt, nitre and alom, fused in the water of crystallisation of the 
latter salt. The piece is now restored to the fire, and heated till the saline crust which 
covers it becomes homogenoos, nearly transparent, and enters into true fusion. It is 
then taken from the fire and suddenly plunged into cold water, which separates the 
saline crust, carrying away even the coat of epargne. The piece is lastly passed 
through very weak nitric acid, washed in a great body of water, and dried by ex- 
posure either to the air, over a drying stove, or with clean linen cloths. 

7. Of or-moulu colour. — When it is desired to put a piece of gilded bronze into or- 
moulu colour, it must be less scrubbed with the scratch-nrush than usual, and made to 
come hack again by heating it more strongly than if it were to be deadened, and allow- 
ing it then to cool a little. The or-moulu colouring is a mixture of hematite, alum, 
and sea salt This mixture is to be thinned with vinegar, and applied with a hmsh so 
as to cover the gilded brass, with reserve of the burnished pans. The piece is then 
put on glowing coals, urged a little by the bellows, and allowed to heat till the colour 
begins to blacken, ilie piece ought to be so hot that water sprinkled on it may cause 
a hissing noise. It is then taken from the fire, plunged into cold water, washed, and 
next rubbed with a brush dipped in vinegar, if the piece be smooth, bnt if it be 
chased, weak nitric acid must be used. In either case, it must be finally washed in a 
body of pure water, and dried over a gentle fire. 

8. Of red gold colour. — To give this hue. the piece after being coated with amalganv 
and heated, is in this hot state to be suspended by an iron wire, and tempered with 
the composition known under the name of gilder’s wax ; made with yellow wax, red 
ochre, verdigris, and alum. In this state it is presented to the flame of a wood fire, is 
heated strongly, and the combustion of its coitting is favoured by throwing some drops 
of the wax mixture into the burning fuel. It is now turned round and round over the 
fire, so that the flame may act equally. When all the wax of the colouring is burned 
away, and when the 
is extinguished, the piece 
is to be plunged in water, 
washed, and scrubbed 
with the scratch-brush 
and pure vinegar. If the 
colour is not beautiful, 
and quite equal in shade, 
the piece is coated with 
verdigris dissolved in 
▼inegar, dried over a 
gentle fire, plunged in 
water, and scrubbed with 
pure vinegar, or even 
with a little weak nitric 
acid if the piece exhibit 
too dark a hue. It is 
now washed, burnished, 
washed anew, wiped with 
linen cloth, and finally 
dried over a gentle fire. 

The following is the 
outline of a complete 
gilding factory, as now 
fitted up at Paris. 

^igs. 888, 889, front ele- 
vation and plan of a com- 
plete gilding workshop. 

* P. Furnace of appel^ or 
draught, serving at tfa« same time to heat the deadening pan (poelon au mat ) . 

P. Ash-pit of tlus furnace. 

N. Chinmey of this furnace constructed of bricks, as far as the ccmtraction ot the 
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great chimney s of the forge, and -which is terminated by a snmmit pipe rising 2 or 9 
yards above fliis contraction. 

B. Forge for annealing the pieces of bronze ; for drying the gilded pieces, &c. 

c. Chimney of communication between the annealing forge B, and the space D below 
the forge. This chimney serves to carry the noxious fumes iqio tiie great vent of the 
factory. 

n. Bucket for the brightening operation. 

Jl. Forge for passing the amalgam over the piece. 

B. Shelf for the brushing operations. 

B E. Coal cellarets. 

o. Forge for the deadening process. 

0. Turnace for the same. 

M. An opening into the furnace of appel, by which vapours may be let off from any 
operation by taking out the plug at M. 

1. Cask in which the pieces of gilded brass are plunged for the deadening process. 
The vapours rising thence are carried up the general chimney. 

j j. Casement with glass panes, which serves to contract the opening of the hearths, 
without obstructing the view. The casement may be rendered movable to admit 
larger objects. 

H H. Curtains of coarse cotton cloth, for closing at pleasure, in whole or part, one or 
several of the forges or hearths, and for quickening the current of air in the places 
where the eurtains are not drawn. 

Q. Opening above the draught furnace, which serves fpr the heating of the poelon au 
mat (deadening pan). 

Gilding on polished iron and steel. — If a nearly neutral solution of gold in muriatic 
acid be mixed with sulphuric ether, and agitated, the ether will take up the gold, and 
float above the denser acid. When this auriferous ether is applied by a hair pencil to 
brightly polished iron or steel, the ether flies off, and the gold adheres. It must be 
fixed by polishing with the burnisher. This gilding is not very rich or durable. In 
fact the affinity between gold and iron is feeble, compared to that between gold and 
copper or silver. But polished iron, steel, and copper, may he gilded with heat, by 
gold leaf. They are first heated till the iron takes a bluish tint, and till the copper has 
attained to a like temperature ; a first coat of gold leaf is now applied, which is pressed 
gently down with a burnisher, and then exposed to a gentle heat. Several leaves either 
single or double are thus applied in succession, and the last is burnished down 
cold. 

Mr. Elkington obtained a patent, in June, 1836, for gilding copper, brass, &c., by 
means of potash or soda combined with carbonic acid, and with a solution of gold. 
Dissolve, says he, 5 oz. troy of fine gold in 52 oz. avoirdupoise of nitro-muriatic acid of 
the following proportions: viz. 21 oz. of pure nitric acid, of spec. grav. 1-45, 17 oz. 
of pure muriatic acid, of spec. grav. ri5, with 14 oz. of distilled water. 

The gold being put into the mixture of acids and water, they are to he heated in 
a glass or other convenient vessel till the gold is dissolved ; and it is usual to continue 
the application of heat after this is effected, until a reddish or yellowish vapour ceases 
to rise. 

The clear liquid is to be carefully poured off from any sediment which generally 
appears, and results from a small portion of silver, which is generally found in alloy 
with gold. The clear liquid is to he placed in a suitable vessel of stone ; pottery ware 
is preferred. Add to the solution of gold 4 gallons of distilled water, and 20 pounds of 
bicarbonate of potash of the best quality ; let the whole boil moderately for 2 hours, 
the mixture wilt then be ready for use. 

The articles to be gilded having been first perfectly cleaned from scale or grease, 
they are to be suspended on wires, conveniently for a workman to dip them in the 
liquid, which is kept boiling. The time required for gilding any particular article 
will depend on circumstances, partly on the quantity of gold remaining in the liquid, 
uid partly on tim size and weight of the article ; but a little practice will readily give 
sufficient guidance to the workman. 

Supposing the articles desired to be gilded he brass or copper buttons, or small 
article for gilt toys, or ornaments of dress, such as earrings or bracelets, a consider- 
able number of which may be strung on a hoop, or bended piece of copper or brass 
wire, and dipped into the vessel containing the boiling liquid above described, and 
moved therein, the requisite gilding will be generally obtained in from a few seconds 
to a minutp ; this is when the liquid is in the condition above described, and depend- 
ing on the quality of the gilding desired ; but if the liquid has been used some time, 
the quantity of gold will be lessened, which will vary the time of operating to produce 
a given effect, or the colour required, ail of which will quickly be observed by the 
workman ; and by noting the appearance of the articles from time to time, he will 
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°^‘a™ed, though it is desirable to avoid as much as 
possible taking the articles out of the liquid. a um as macn as 

■\Vfcn the operation is completed, the workman perfectly washes the articles so 

f^fonring ^ *“ the 4n^ S 

If the a^rticles be cast figures of animals, or otherwise of considerable weishb com- 
^ g^erne^. mentioned, the time required to perform the prwL will 

a appearance, it may be per- 
nr^ess of cTe7'^“ Proeesses : the one usually employed is to dead the articks in’the 
proce.s of cleaning as practised by brass founders and other trades ; it is produced by 
an acid, prepared for that purpose, sold by the makers under the term “d«SiS 
aqiiaforiis,” which IS well understood. oeaumg 

It may also be prt^uced by a weak solution of nitrate of mercury, applied to the 
a tides previous to the gilding process, as is practised in the process of gilding with 
mercury, previous to spreading the amalgam, but generally a much weaker soimion : 
or tlic articles having been gilded may he dipped in a solution of nitrate of mercury 
gddin “ prSftised in the usual process of 

Co/d gilding. Sixty grains of fine gold and 12 of rose copper are to he dissolved in 
two ounces of aqua regia. When the solution is completed, it is to he dropped on 
clean linen rags, of such bulk as to absorb all the liquid. They are then dried and 
burned into ashes. These ashes contain the gold in powder. * 

When a piece is to be girded, after subjecting it to the preliminary operations of 
softening or annealing and brightening, it is rubbed with a moistened cork, dipped in 
the above powder, till the surface seems to be sufficiently gilded. Lar<m works are 
thereafter burnished with pieces of hematite, and small ones with steef burnishers 
along with soap water. * 

111 gliding small articles, as buttons, with amalgam, a portion of this is taken equi- 
valent to the work to bo done, and some nitrate of mercury solution is added to it in 
a wooden trough ; the whole articles are now pat in. and well worked about with a 
hard brush, till their surfaces are equably coated. They are then washed, dried, and 
put altogether into an iron frying-pan, and heated till the mercury begins to fly off, 
when they are turned out into a cap, in which they are tossed and well stirred about 
with a painter’s brush. The operation must be repeated several times for a strong 
gilding. The surfaces are finally brightened by hnisbing them along with small 
beer or ale grounds. 

For the processes of gilding by electro-chemical means, see Electrotype. 

GIMP, or GYMP, a silk, woollen, or cotton twist, with often a metaffie wir^ 
but sometimes a coarse thread running through it; it is much used ia- coat-lace 
making. 

GIN, or Geneva, from Genievre (juniper), is an ardent spirit mannfactared in London, 
and other places, in great quantities, and flavoured generally with juniper herrics. It 
IS also made in Holland, and hence called Hollands gin in ^is country, to distinguish 
It from British gin. The materials employed in the distilleries of Schiedam, are two 
parts of unmalted rye from Riga, weighing about 54 lbs, per bushel, and one part of 
malted bigg, weighing about 37 lbs. per bushel. The mash tun, which serves also as 
the fermenting tun, has a capacity of nearly 700 gallons, being about 5 feet in di- 
ameter at the mouth, rather narrower at the bottom, and feet deep ; the stirring 
apparatus is an oblong rectangular iron grid made fast to the end of a wooden pole. 
About a barrel, = 36 gallons of water, at a temperature of from 162° to 168° (the 
fonner heat being best for the most highly dried rye), are put into the mash tun for 
every cwt of meal, after which the malt is introduced and stirred, and lastly the rye 
IS added. Powerful agitation is given to the magma till it becomes quite uniform ; a 
process which a vigorous workman piques himself upon executing in the course of a 
few minutes. The mouth of .the tun is immediately covered over with canvas, and 
further secured by a close wooden lid, to confine the heat ; it is left in this state for 
two hours. The contents being then stirred up once more, the /ronsparent spent wash 
of a preceding mashing is first added, and next as much cold water as will reduce 
the temperature of the whole to about 85° F. The best Flanders yeast, which 
had been brought, for the sake of carriage, to a doughy consistence by pressure, is 
now introdneed to the amount of one pound for every 100 gallons of the mashed 
materials. 

The gravity of the fresh wort is nsnaily from 33 to 38 lbs, per Dieas’ hydrometer ; 
and the fermentation is carried on from 48 to 60 hours, at the end of which time the 
attenuation is from 7 to 4 lbs., that is, the specific gravity of the supernatant wash is 
from 1 007 to 1-004. 

Vot. II. Z 
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The distiUers are indnced, by the scarcity of beer-barm in Holland, to skim off a 
quantity of the yeast from the fermenting tuns, and to sell it to the bakers, whereby 
they otetrnct materially the production of spirit, though they probably improve its 
quality, by preventing its impregnation with j’casty particles; an unpleasant 
result which seldom fails to take place in the whisky distilleries of the United 
Kingdom. 

On the third day after the fermenting tun is set, the wash containing the grains is 
transferred to the still, and converted into low wines. To every 100 gallons of this 
liquor, two pounds of juniper berries, from 3 to 5 years old, being added, along with 
about one quarter of a pound of salt, the whole are put into the low wine still, and the 
fi le Hollands spirit is drawn off by a gentle and well-regulated heat, till the magma 
becomes exhausted ; the first and the last products being mixed together ; whereby a 
spirit, 2 to 3 per cent above our hydrometer proof, is obtained, possessing the pecu- 
liar fine aroma of gin. The quantity of spirit varies from 18 to 21 gallons per 
quarter of grain ; this large product being partly due to the employment of the spent 
wash of the preceding fermentation ; an addition which contributes at the same time 
to improve the flavour. 

London gin is, as we have sTated, a com spirit, which is, however, rendered sweet 
and cordial-like, by the use of several injurious substances. Plymouth gin, as manu- 
factui ed by Coates and Co. of Plymouth, is a far purer spirit. The rectifiers employ 
a pure grain spirit, and flavour with the wash of the whisky distilleries. Mr. Brande 
has given the following table of the quantities of alcohol ( sp. gr. at 60 F., 0'825) con- 
tained in different ardent spirits. 

Proportion of Alcohol in ardent Spirits. 

Brandy 

Rum - 

Gin 

Whisky, Scotch 
Do. Irish 

When wash is distilled, the fluid that comes over is called singlings, or low wines. 
It is concentrated or doubled by a second distillation, and becomes raw corn spirit; this 
is sold to the rectifier at 11 or 25 per cent, over proof. 

GINGER BEER. Boil 65 gallons of river water, Ij cwt. of the best loaf 
sugar, and 5 lbs. of the best race ginger, bruised, half an hour ; then add the whites 
of 10 eggs, beaten to a froth with 2 ounces of dissolved isinglass. Stir it well in, and 
boil 20 minutes longer, skimming it the whole time. Then add the thin rinds of 50 
lemons, boiling them 10 minutes more. Cut 28 lbs. of good Malaga raisins in half, 
take away the stones and stalks, and put them, with the juice of the lemon, strained, 
into the hogshead. Strain the hot liquor into a cooler, and when it has stood two 
hours and is settled, draw it off the lees, clear, and put it into the cask ; filter the 
thick and fill up with it. Leave the bung out, and when at the proper temperature, 
stir 3 quarts of thick fresh ale yeast well into it ; put on the bung lightly, and let it 
ferment 6 or 7 days, filling up with liquor as it ferments over. When the fermenta- 
tion has ceased, pour in 6 quarts of French brandy, and 8 ounces of the best isinglass, 
dissolved in a gsdlon of the wine ; then seenre the bung effectually, and paste paper 
over it, &c. Keep it 2 years in a cool cellar, then bottle it, using the best corks, and 
sealing them ; and when it is 4 years old commence using it 

There can be no doubt but that the above receipt by Dr, Ure forms an excellent 
ginger beer, but it is a tbtally different thing from, the ginger beer of the shops. The 
following is a good and useful form for its manufacture ; — 

Barbadoes ^nger root ..... 12 ounces. 

Tartaric acid ....--.3 ounces. 

White sug'ar .......g pounds. 

Gum arable g ounces. 

Essence of lemon 2 drachms. 

Water ... .....9 gallons. 

The ginger root, bruised, is to be boiled for an hour, then the liquor being strained, 
the tartaric acid and sugar added, boiled and the same removed. The gum arable 
dissolved in a separate portion of water, added with the essence of lemons. When 
the whole has cooled to about 100° Fabr., some fresh yeast is to be added, aid the 
beer carefully fermented. Then bottle for use. 

Ginger beer powders are thus prepared : — 


In 100 parts. 

- 55-39 by measure. 

- 53-68 „ 

- 51-60 „ 

- 54-32 „ 

- 53-20 „ 
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WTiite sugar - - * 

Tartaric acid - - - 

Carbonate of soda 
Pow dered Jamaica ginger - 
Essence qf Lemon > 


- 5 ounces. 

- ounce. 

- l| ounce. 

- 2 drachms. 

- 10 drops. 


All the materials are to be carefully dried, and mixed while yet warm, in a warm 
mortar, and immediately bottled. 

If the acid and the carbonate of soda are kept separate, these precautions arc not 
necessary. 

GINNING is the name of the operation by which the filaments of cotton are sepa- 
rated from the seeds. See Cotton MANrFACTCRE. 

GIUASOL. The name given by the French to fire opal. See Opal. 

GLAIRE. The white of egg. This consists according to Gmelin of albumen, 12*0, 
nnicu.«5, 27, salts, 0*3, water, 85*0. Glaire or albumen is distinguished from 

Die albumen of the serum of the blood (seralbumen)^ by its being coagulated by ether. 
Glaire is used by bookbinders in finishing the bac^^ of books, and for a few other 
purposes in the arts. See Albumen. 

GL NCE COAL, a name given to anthracite, of which there are two varieties, 
the .shity and the conchoidal. See Anthracite and Coal. 

GLASS (Ferre, Fr. ; G/oe, Germ.) is a transparent solid formed by the fusion of 
siliceous and alkaline matter. It was known to the Phceoicians, and constituted for 
a long time an exclusive manufacture of that people, in consequence of its ingredi- 
ents, natron, sand, and fuel, abounding upon their coasts. It is certain that the 
ancient Egyptians were acquainted with glass, for, although we find no mention of it 
in the writings of Moses, we discover glass ornaments in tombs which are as old as 
the (lavs of Moses. According to Pliny and Strabo, the glass works of Sidon and 
Alexandria were famous in their times, and produced beautiful articles, which were 
cut, engraved, gilt, and stained of the most brilliant colours, in imitation of precious 
stones. The Homans employed glass for various purposes; and have left specimens 
in Herculaneum of window-glass, which must have been blown by methods analogous 
to the modem. The Phoenician processes seem to have been learned by the Crusaders, 
and transferred to Venice in the I3th century, where they were long held secret, and 
formed a lucrative commercial monopoly. Soon after the middle of the seventeenth 
century Colbert enriched France with the blown mirror glass manufacture. 

Chance may have had a .share in the invention of this curious fabrication, but there 
were circumstances in the most ancient arts likely to lead to it ; such aa the fusing 
and vitrifying heats required for the formation of pottery, and for the extraction of 
metals from their ores. Pliny ascribes the origin of glass to the following accident 
A merchant ship laden with natron being driven upon the coast at the mouth of the 
river Belus, in tempestuous weather, the crew were compelled to cook their victuals 
ashore, and having placed lumps of the natron upon the sand, as supports to the 
kettles, found to their surprise masses of transparent stone among the cinders. The 
sand of this small stream of Galilee, which runs from the foot of Mount Carmel, was 
in consequence supposed to possess a peculiar virtue for making glass, and conrinued 
for ages to be sought after and exported to distant countries for this purpose. There 
exists good evidence that the manufacture of glass, and of vitreous glazes is much 
older than the time ascribed by Pliny. 

Agricola, the oldest author who has written technically upon glass, describes fur- 
naces and processes closely resembling those employed at the present day. Neri, 
Kunckel, Henckel, Pott, Achard, and some other chemists, have since then composed 
treatises upon the subject ; but Neri, Bose, Antic, Loysel, and Allut, in the £nc^~ 
clop^die Methodique^ are the best of the older authorities. 

The Venetians were the first in modern times who attained to any degree of ex- 
cellence in the art of working glass, but the French became eventuaUy so zeal^s of 
rivalling them, particularly in the construction of mirrors, that a decree was issuw by 
the court of France, declaring not only that the manufacture of gl^ should not dero- 
gate from the dignity of a nobleman, but that nobles alone should be meters ofgiaM- 
works.. Within the last 30 or 40 years, Great Britain has made rapid advances in this 
important art, and at the present day her pre-eminence in some departments hardly 
admits of dispute. ^ ^ t j 

The window-glass manufacture was first begun in England m L->o/, m Crutched 
Friars, London ; and fine articles of flint-glass were soon afterwards yade in the 
Savoy House, Strand. In 1635 the art received a great improvement from Sir 
Robert Mansell, by the use of coal fuel instead of wood. The first sheeto of 
blown glass for looking-glasses and coach windows were made m 1673 at L^heth, 
by Venetian artisans employed nnder the patronage of the Duke of Buckingham- 

X 2 
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The casting of mirror-plates was commenced in France about the year 1688, 
by Abraham TbeTart ; an invention which gave rise soon afterwards to the estab- 
lishment of the celebrated works of St. Gobain, which continued for nearly a 
century the sole place where this highly-prized object of luxnry was well made. In 
cheapness, if not in excellence, the French mirror-plate has been for some time rivalled 
by the English. 

The analysis of modern chemists, which will be detailed in the course of this 
article, and the light thrown upon the manufacture of glass in general by the accu- 
rate means now possessed of purifying its several ingredients, would have brought 
the art long since to the highest state of perfection in this country, but for the long 
continued vexatious interference and obstructions of our excise laws now happily at 
an end. 

The researches of Berzelius having removed all doubts concerning the acid character 
of silica, the general composition of glass presents now no difficulty of conception. 
This substance consists of one or more salts, which are silicates with bases of potash, 
soda, lime, oxide of iron, alumina, or oxide of lead ; in any of which compounds we 
can substitute one of these bases for another, provided that one alkaline base be left. 
Silica in its turn may be replaced by the boracid acid, without causing the glass to 
lose its principal characters. 

Under the title glass are therefore comprehended various substances fusible at a 
high temperature, solid at ordinary temperatures, brilliant, generally more or less 
transparent, and always brittle. The following chemical distribution of glasses has 
been proposed : — 

1. Soluble glass ; a simple silicate of potash or soda ; or of both these alkalies. 

2. Crown glass ; silicate of potash and lime. 

3. Bottle glass ; silicate of soda, lime, alumina, and iron. 

4. Common window glass ; silicate of soda and lime ; sometimes also of potash. 

5. Plate glass *, silica, soda or potash, lime, and alumina. 

6. Ordinary crystal glass ; silicate of potash and lead. 

7. Flint glass ; silicate of potash and lead ; richer in lead than the preceding. 

8. Strass ; silicate of potash and lead ; still richer in lead. 

9. Enamel ; silicate and stannate or antimoniate of potash or soda, and lead. 

The following analyses of these varieties of glass will place the composition more 
completely before the reader : — 



Silicic 

Acid. 

Potash or 
Soda. 

Lime. 

Oxide of 
Lead. 

Alumina. 

Water. 

1. Soluble glass 

62 

26 

0 

0 

0 

12 

2. Crown glass 

63 

22 

12 

0 

3 

0 

3. Bottle glass 

54 

6 

20 

6 ox, iron 

0 

0 

4. AVindow glass 

69 

1 1 soda 

13 

0 

7 

0 

5. Plate glass 

72 

17 soda 

6 

2 ox. iron 

2 

0 

6. Crystal ... 

61 

6 

0 

33 

0 

0 

7. Flint glass 

45 

12 

0 

43 

0 

0 

8. Strap - - . 

38 

8 

0 

53 

1 

0 

9. Enamel ... 

31 

8 

0 

50 

10 0*. tin 

0 


Bohemian glass has not been named among the varieties. It has been generally 
grouped with the English glass as containing no lead, but it has some special pecu- 
liarities, as the following analyses by Peligot will show ; — 



Silica. 

Potash. 

Lime. 

Alumina. 

Soda. 

Bohemian glass 

76'0 

150 

8-0 

1*0 

0 

Do. opal glass 

80-9 

17-6 

■7 

•8 

0 

Do. mirror glass - 
Do. hard glass (as 

67-7 

210 

9-9 

14 

0 

analysed by Mr. Rowney) 

^ 

730 

11-5 

10'5 

2 0 

3 


In the following table is also given the analyses of a certain number of Bohemian 
glasses, which will indicate their composition with precision, and show how uncertain 
their composition is. 
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(L) 

(2.) 

(3.) 

(4.) 

(5.) 

(6.) 

(r.) 

(8.) 

Silica - . - 

71-6 

71-7 

69-4 

62-8 

75-9 

78-85 

70- 

57- 

Potassa - - V 

11-0 

12-7 

11-8 

22-1 


5*5 

20- 

25* 

Soda - - - 

- 

23 

- - 

- 

17-5 

12-05 



Lime - - . 

10- 

10-3 

9-2 

12-5 

3-8 

5-6 

4- 

12-5 

Magnesia 

2-3 








Alumina' - • 

2-2 

0-4 

9-6 

2*6 

2-8 

3-5 

5* 

3* 

Oxide of Iron - 

39 

0-3 




- 

0-6 

1-3 

Oxide of 8Ianganese - 

0-2 

02 

- - 

- - 

- - 

- ' 

0*4 

0-4 


101-2 

98-1 

100* 

100- 

100* 

100-5 

100- 

99-2 


( 1 .) Bohemian glass from Neufeld (81. Gms). 

(2.) A fine table glass from Neuwelt (M. Berthier^J; it is exceedingly beantiful, and 
is prepared, according to M. Perdonnet, with a mixture of 100 quartz, 50 caustic lime, 
75 carbonate of potassa, and a very small quantity of nitre, arsenious acid, and oxide 
of manganese. 

(3.) Old Bohemian glass (81. Dumas). .if 

(4.) Crown glass of German manufacture (31. Dumas). -'7’ 

(5.) Glass for mirrors (81. Dumas). 

(6.) Another glass for mirrors (81. Dumas). 

(7.) White table glass, from Silberberg near Gratzen. 

(8.1 Mirror glass from New-Hurkenthal, for the manufacture of cast mirrors. 
Peligot gives the analysis of Venetian aventurinq as follows : — 


Silica - - - - - 67 "7 

Potash ----- 5-5 
Lime ----- 89 
Soda 7-1 


Oxide of Tin - 

2-3 

Oxide of Lead 

1-1 

Metallic Copper 

3-9 

Osideofiron- 

3-5 


See Aventubine. 

The following analyses of different varieties of continental glass are instructive : — 






•fc. 

— y- 







No. 1. 

Nof^. 

No. 3. 

No. 4, 

No. 5. 

No.e. 





.. 





Silica 

. 


71-7 

69-2 

62*8 

60-4 

53-55 

42*5 

Potash 


. 

12-7 

15-8 

22*1 

32 

S-48 

U-7 

Soda 

. 


2*5 

3-0 

- - 

S. pot 



Lime 



10-3 

7-6 

1 5 

207 

29*22 

0-5 

Alumina > 


. 

0*4 

12 

1 

10-4 

6-01 

1-8 

Magnesia - 


. 

- jJ*'* 

2-0 

2-6 

0-6 

5-74 


Oxide of iron 


- 

0-3 

0-5 

J 

3'8 


— manganese 

- 

0-2 

- 




43*5 

— lead 



• 


• 

0-9 

• 

Baryta 

- 

- 

- - 


* • 




No. 1. is a very beautiful white wineglass of Neuwelt in Bohemia. 

No. 2. Glass tubes, much more fusible than common wine glasses. 

No. 3. Crown glass of Bohemia. 

No. 4. Flask glass of St Etienne, for which some heavy spar is used. 

No. 5. Glass of Sevres. 

No. 6. Guinand’s flint glass. i «• v dumi- 

Ancient glass has the following composition ; the analyses are by Richard Phillips 


Roman base • • « 

Do. Flatted glass 

Do. Lachrjmatory • 

Silica. 

Alomlaa. 

Oxide of 
Irak 

Manganese. 

Lime. 

Ma^esia. 

Soda. 

70*58 

71-95 

71*45 

1*80 

trace' 

3-15 

0*53 

3-45 

1 02 

G*48 

0-57 

•17 

8*00 

7*33 

8-14 

trace 

0-60 

ti)*ce 

18 86 
i.vao 
16-62 


Thus we see that the ancient glasses were all soda glasses. 

The glasses which contain several bases are Uable to suffer different changes when 

z ^ 
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they are melted or cooled slowly. The silica is divided among these bases, forming 
new compounds in definite proportions, which by erjstallising separate from each 
other, so that the general mixture of the ingredients which constitute the glass is 
destroyed. It becomes then very hard, fibrous, opaque, much less fusible, a better 
conductor of electricity and of heat ; forming what Reaumur styled devitnfied glass ; 
and what is called after him Reaumur’s porcelain. 

This altered glass can always be produced in a more or less perfect state, by 
melting the glass and allowing it to cool very slowly ; or merely by heating it to the 
softening pitch, and keeping it at that heat for some time. The process succeeds 
best with the most complex yitreous compounds, such as bottle glass ; next with 
ordinary window glass ; and lastly with glass of potash and lead. 

This property ought to be kept constantly in view in manufacturing glass. It 
shows why in making bottles we should fashion them as quickly as possible with the 
aid of a mould, and reheat them as seldom as may be absolutely necessary. If glass 
is often heated and cooled, it loses its ductility, becomes refractory, and exhibits a 
multitude of stony granulations throughout its substance. When coarse glass is 
worked at the enameller’s lamp,'"it is apt to change its nature in the same way, if the 
workman be not quick and expert at his business. 

Fusibility^ Cooling^ Annealing, Devitrification. — All glass is more or less fusible ; 
when it is softened by the action of heat, it may be worked with the greatest ease, and 
may be drawn out into threads as fine as those of the cocoon of the silkworm. Glass, 
when it is submitted to rapid cooling, becomes very fragile, and presents several very 
remarkable phenomena, among which as an example Prince Rupert’s drops may be in- 
stanced. Glass supports variations of temperatures better in proportion as it has been 
more slowly cooled ; thus, when it has been slightly annealed, or not at all, its fragility 
may be considerably diminished by annealing it in water, or better, in boiling oil. 

Action of Atmospheric and Chemical Agents. — The harder and more infusible a 
glass is, the less it is alterable by the action of atmospheric and chemical agents, with 
the exception of hydrofluoric acid. Glass which is too alkaline attracts gr^ually the 
moisture of the air, and loses its lustre and polish. Many glasses are perceptibly 
attacked by a prolonged boiling with water, and d fortiori by acid and alkaline solu- 
tions; thus, the bottle glass is frequently attacked by the tartar which is found in the 
wine. According* to Guyton* Morveau, all glass which is attacked by prolonged 
boiling with concentrated solutions of alum, common salt, sulphuric acid, or potassa, 
is of bad quality. 

From these facts we perceive the importance of making a careful choice of the glass 
intended to be worked in considerable masses, such as the large object glasses of tele* 
scopes ; as their annealing requires a very slow process of refrigeration, which is apt 
to cause devitrified specks aud clouds. For such purposes, therefore, no other species 
of glass is well adapted except that with bases of potash aud lead ; or that with bases 
of potash and lime. These two form the best flint glass and crown glass ; and they 
should be exclusively employed for the construction of the object glasses of achromatic 
telescopes. 

Glass, it will be apparent from the analyses given, may be defined in technical 
j)hraseoIogy, to be a transparent homogeneous compound formed by the fusion of 
silica with oxides of the alkaline, earthy, or common metals. It is usually colourless, 
and then resembles rock crystal, but is occasionally stained by accident or design with 
coloured metallic oxides. At common temperatures it is hard and brittle, in thick 
pieces ; in thin plates or threads, flexible and elastic ; sonorous when struck ; fracture 
conchoidal, and of that peculiar lustre called vitreous; at a red heat, becoming soft, 
ductile and plastic. Other bodies are capable of entering into vitreous fusion, as 
phosphoric acid, boracic acid, arsenic acid, as also certain metallic oxides, as of 
lead and antimony, and several chlorides; some of which are denominated 
glas.ses. 

Silica, formerly styled the earth of flints, which constitutes the basis of all com- 
mercial glass, is infusible by itself in the strongest fire of our furnaces *, but its 
vitreous fusion is easily effected by a competent addition of potash or soda, either 
alone or mixed with lime or litharge. The silica, which may be regarded as be* 
longing to the class of acids, combines at the heat of fusion with these bases, into 
saline compounds ; and hence glass may be viewed as a silicate of certain oxides, 
in which the acid and the bas^ exist in equivalent proportions. Were these pro* 
portions, or the quantities of the bases which silica requires for its saturation at 
the meltin^point, exactly ascertained, we might readily determine beforehand the 
best proportions of materials for the glass manufacture. But as this is far from 
being the case, and as it is, moreover, not improbable that the capacity of satura- 
tion of the silica varies with the temperatnre, and that the properties of glass also 
v.ary with the bases, we must in the present state of our knowledge, regulate the 
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proportions rather by practice than by theory, though the latter may throw an in- 
direct light upon the subject. For example, a good colourless glass has been found 
by anaivsis to consist of 72 parts of silica, 13 parts of potash, and 10 parts of 
lime, in 95 parts. If we reduce these numbers to the equivalent ratios, we shall 
have the following results, taking the atomic weights as given by Berzehus: — 


1 

atom potash 

= 590 

14*67 

1 

Ume 

356 

8*84 

3 

silica 

1722 

42*79 

2 

silica 

1155 

28*70, 



3823 

95*00 


This glass would therefore have been properly better compounded with the just 
atomic proportions, to which it nearly approaches, viz. 71*49 silica, 14*67 potash, and 
8*84 time, instead of those given above as its actual constituents. 

The proportions in which silica unites with the alkaline and other oxides are mo- 
dified by the temperature as above stated ; the lower ^he heat, the less silica will enter 
into the glass, and the more of the base will in general be required. If a glass which 
contains an excess of alkali be exposed to a much higher temperature than that of its 
formation, a portion of the base will be set free to act upon the materials of theearthen 
pot, or to be dissipated in fumes, until such a silicate remains as to constitute a per- 
manent glass correspondiug to that temperature. Hence the same mixture of vitrifiablc 
materials will yield very different results, according to the heats in which it is fused 
and worked in the glasshouse *, and therefore the composition should always he re- 
fcrrible to “ the going ” of the furnace. When a species of glass, which at a high 
temperature formed a transparent combination with a considerable quantity of lime, is 
kept for some time in fosion at a lower temperature, a portion of the lime unites with 
the silica into another combination of a semi-vitreous or even of a stony aspect, so as 
to spoil the transparency of the glass altogether. There is probably a supersilicate, 
and a sub-silicate formed in such cases; the latter being much the more fusible of the 
two compounds. The Reaumur’s porcelain already mentioned, is an example of this 
species of vitreous change in which new affinities are exercised at a lower tempera- 
excess of silica, caused by the volatilisation of alkaline matter with too 
strong firing, will bring on similar appearances. 

The specific gravity of glass varies from 2*3 to 3*6. That of least specific gravity 
consists of merely silica and potash fused together; that with lime is somewhat denser, 
and with oxide of lead denser still. Plate glass made from silica, soda, and lime, has 
a specific gravity which varies from 2*5 to 2*6; crystal or flint glass containing lead 
from 3 0 to 3*6. 

The density of several glasses without lead is i 
Old Bohemian glass (Dumas) - 
Bohemian bottle glass 
do. window glass - 
Fine glass, called Bohemian crystal 
Mirror glass of Cherbourg (Dumas) 
do. St. Gobaiu 
do. Newhaus, 1812 (Scholz) 

do. do, 1830 


i follo'ws ; — 

- 2*396 

- 3*782 

- 2*612^ 

- 2*892 

- 2*506 

. . - 2*488 

- 2*551 

- 2*653 


The power of glass to rcsi.st the action of water, alkalies, acids, air, and light, is in 
general the greater the higher the temperature employed m itsmaniffacture, the sm^lCT 
fhe proportion of its fluxes, and the “W«.“*®«be «quijal»t ratios of its 
WhOn llass contains too much alkali, it is partially stduble in water Most crj st^ 
glass is affected by having water boiled in it for a considerable Ume; but crown glaa 
being poorer in alkali, and containing no lead, resists that action much longer, and is 
therefore better adapted to chemical operations. In ^neral also potosh glass is more 
apt to become damp than soda glass, agreeably to the respective hygrometric pro- 
perties of these two alkalies, and also to the smaUer proportion of soda than of potash 

Air*and*Iig™op€rate upon glass probably by Aeir oxidising property. Bluish or 
greenUh coloured glasses toome Iqr exposure colourless, in consequence undoubtedly 
of the peroxidisement of the iron, to whose prmoxide they owed Aeir Unt , other gtaes 
become purple red from the peroxidisement of the manganese. The glas^s wMch ^n- 
tain leai suffer another kind of change m the “r ‘f sulphuretted hyflTogen lm pre- 
sent; the oxide ofTead is converted into a sulphuret, with the effect of rendenng Ac 
surface of Ac glass opaque and iridescent The more lead is in the glass, the qm<*CT 
does Ais iridescence Wrvene. By boiling concentrated sulphuric acid in a glass 

Z 4 
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Tessel, OP npon glass, we can ascertain Us power of resisting ordinary menstrua. 
Goc^^ glass will remain smooth and transparent ; bad glass will become rough and 
dim. The conditions of decomposition as it occurs in glass of great age, liave not 
been satisfactorily explained ; the glass of the Homan tombs decomposes from the 
surface, exfoliating in a remarkable manner, film after film, of a pearly and beauti- 
fully iridescent character, failing otf one after the other. The same kind of change 
is seen on the windows of our ancient churches. 

The brittleness of unannealed glass by change of temperature is sometimes very 
great. This defect may be corrected by slowly heating the vessel in salt-water 
or oil to the highest pitch consistent with the nature of these liquids, and letting 
it cool very slowly. Within the limits of that range of heat, it will, in conse- 
quence of this treatment, bear alternations of temperature without cracking. 

It has been said that glass made from silica and alkalies alone, will mot resist the 
action of water, but that the addition of a little lime is necessary for this effect. 
In general 100 parts of quartzose sand require 33 parts of dry carbonate of soda 
foftheir vitrification, and 45 parts of dry carbonate of potash. But to make un- 
changeable alkaline glass espe<iially with potash, a smaller quantity of this than the 
above should be used with a very violent heat. A small proportion of lime increases 
the density, hardness, and lustre of glass ; and it aids in decomposing the alkaline 
sulphates and muriates always present in the pearlash of commerce. From 7 to 20 
parts of dry slaked lime have been added for 100 of silica, with advantage, it is 
said, in some German glass manufactories, where the alkaline matter is soda ; for 
potash does not assimilate well with the calcareous earth. 

In many glass works on the continent, sulphate of soda is the form under which 
alkaline matter is introduced into glass. This salt requires the addition of 8 per 
cent, of charcoal to decompose and dissipate its acid ; a result which takes place at a 
high heat, without the addition of any lime. 88 pounds of quartz-sand, 44 pounds of 
dry ^laubcr salt, and 3 pounds of charcoal, properly mixed and fused, afford a 
limpid, fluent, and workable glass; with the addition of 17 pounds of lime, these 
materials fuse more readily iato a plastic mass. If less carbon be added, the fusion 
becomes more tedious. 

By a proper addition of galena (the native sulphuret of lead) to glauber salt and 
quartz sand, without charcoal, it is said a tolerably good crystal glass may be formed. 
The sulphuric acid of the salt is probably converted by the reaction of the sulphuret 
of lead into sulphurous acid gas, which is disengaged. 

One atom of sulphuret of lead 8*1405*67, is requisite to decompose 3 atoms of 
sulphate of soda ss 2676. It is stated, on good authority, that a good colourless glass 
may be obtained by using glauber salt without charcoal, as by the following formula. 

Quartz sand - - - 100 pounds j Iiime « - . - 20 pounds 

Calcined glauber salt - 20 „ | Cullet of soda glass - 12 „ 


The melting heat must be continued for 26j hours. A small quantity of the sand 
is reserved to be thrown in towards the conclusion of the process, in order to facilitate 
the expulsion of air bubbles. The above mixture will bear to be blanched by the 
addition of manganese and arsenic. The decomposition of the salt is in this case 
effected by the hme, with which the sulphuric acid first combines, which is then con- 
verted into sulphurous acid, and dissipated. Glass made in this way was found by 
analysis to consist of 79 parts of silica, 12 lime, and 9*6 soda, without any trace of 
gypsum or sulphuric acid. 

Glauber salt is partially volatilised by the heat of the furnace, and acts upon the 
arch of the oven and the tops of the pots. This is best prevented by introducing at 
first into the pots the whole of the salt mixed with the charcoal, the lime, and one- 
fourth part of the sand; fusing this mixture at a moderate heat, and adding gradually 
afterwards the remainder of the sand, increasing the temperature at the same time. 
If we put in the whole ingredients together, as is done with potash glass, the sand and 
lime soon fall to the bottom, while the salt rises to the surface, and the combination 
becomes difficult and unequal. 

Sulphate of potash acts in the same way as sulphate of soda. 

Muriate of soda also, according to Kim, may be used as a glass flux with advan- 
tage. The most suitable proportions are 4 parts of potash, 2 of common salt, and 3 of 
lime, agreeaWy to the following compositions. 


Quartz sand - - - 
Calcined carbonate of potash 
Common salt - . « 

Lime .... 


1. 

2. 

60-0 

571 

17-8 

191 

8-9 

9-5 

13-3 

14-3 
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tor No. 1, the melting heat must be 10 hours, which turns out a very pure, solid, 
good glass ; f<)r No. 2, 23 hours of the furnace are required. Instead of the potash, 
glauber salt may be substituted ; the proportions being then 19*1 glauber salt, 9*5 
muriate ot soda, 14'3 lime, 571 sand, and 1*3 charcoal. 

I he oxide of lead is an essential constituent of the denser glasses, and may he re- 
garded as replacing the lime, so as to form with the quartz-sand a silicate of lead. It 
assimilates best with purified pearlash, on account of the freedom of this'alkali from 
iron, which is present in most sodas. 

Its atomic constitution may be represented as follows : 




Computation 

Analysis. 

Silicic acid - - - 

5 atoms = 2877 0 

59-19 

59 20 

Oxide cf lead - • - 

1 = 1394-5 

28-68 

28*20 

Potash - - - . 

1 = 590-0 

12-13 

9 00* 

Oxides of iron and manganese 

• 

- 

1 -40 


4861-5 

lOO'OO 

97 80 


The above analysis by Berthier relates to a specimen of the best English crystal 
glass, perfectly colourless and free from air-bubbles. This kind of glass may, how- 
ever, take several different proportions of potash and silica to the oxide of lead. 

The composition of mirror-plate, as made on the Continent, is as follows ; — 


White quartz-sand - 
Dry carbonate of soda 
Lime slaked in the air 
CuUet, or old glass 


300 pounds 
100 
43 
300 


The manganese should not exceed one half per cent, of the weight of soda. 

Optical glass requires to be made with very peculiar care. It is of two different 
kinds ; namely, crown glass Q.ndjlint glass* The latter contains a considerable pro- 
portion of lead, in order to give it an increased dispersive power upon the rays of 
light, in proportion to its mean refractive power. 

Optical crown glass should be perfectly limpid, and have so little colour, that a 
pretty thick piece of it may give no appreciable tinge to the rays of light. It should 
be exempt from stri® or veins as well as air-bubbles, and have not the slight^ 
degree of milkiness. It should, moreover, preserve these qualities when worked in 
considfirable quantities. Potash is preferable to soda for making optical crown glass, 
because the latter alkali is apt to make a glass which devitrifies and becomes 
opalescent, by long exposure to heat in the annealing process, A simple potash silicate 
would be free from this defect, hut it would be too attractive of moisture, and apt to 
decompose eventually by the humidity of the atmosphere. It should, therefore, con- 
tain a small quantity of lime, and as little potash as suffices for making a perfect 
glass at a pretty high temperature. It is probably owing to the high heats used in 
the English crown glass works, and the moderate quantity of alkali (soda) which is 
employed, that our crown glass has been found to answer so well for optical purposes. 
The following recipe for crown glass is excellent : 


5 atoms of silica (2^?) - 
1 carbonate of soda 
5 silica - - - - * 

1 carbonate of lime 
1 atom of carbonate of baryta 
5 atoms of silica - 


80 

54 

80 

50 

98 

80 


Silicates of lime and baryta per so, or even combined, are very refractory ; but they 
vitrify well along with a third silicate, such as ^at of soda or potash. 

The following are additional recipes for making different kinds of glass. 

L Hottle glass,— n pounds of dry glauber salts; 12*pounds of soaper salts •. a half 
bushel of waste soap ashes,- 56 pounds of sand; 22 pounds of glass skimmings ; 1 
cwt. of green broken glass ; 25 pounds of basalt This mixture affords a dark green 

glass. ^ 

2. Yellow or white sand, 100 parts ; kelp, 30 to 40; lixiviated wood ashe', from 160 
'to 170 parts; fresh wood ashes, 30 to 40 parts; potter's clay, 80 to 100 parts; cullet 
or broken glass, 100. If basalt he used, the proportion of kelp may be diminished. 

In two bottle-glass houses in the neighbourhood of Valenciennes, an unknown in- 
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gredient, sold by a Belgian, was employed, wbich he called spar. This was discovered 
by chemical analysis to be sulphate of baryta. The glass-makers observed that the 
bottles which contained some of this substance were denser, more homogeneous, more 
fusible, and worked more kindly, than those formed of the common materials. When 
one prime equivalent of the silicate of baryta -=123, is mixed with three primes of the 
silicate of 8oda=(3 x 77*6) 232 8, and exposed in a proper furnace, vitrification 
readily ensues, and the glass may be worked a little under a cherry-red heat, with as 
much ease as a glass of lead, and has nearly the same lustre. 

3. Green window glass^ or broad glass. — 11 pounds of dry glauber salt ; 10 pounds 
of soaper salts; half a bushel of lixiviated soap waste ; 50 pounds of sand ; 22 pounds 
of glass pot skimmings; 1 cwt, of broken green glass. 

4. Crown glass. — 300 parts of fine sand ; 200 of good soda ash ; 33 of lime ; from 
-50 to 300 of broken glass j 60 of white sand ; 30 of purified potash ; 15 of saltpetre 
(I of borax); ^ of arsenious acid, 

5. Nearly while table glass. — 20 pounds of potashes; 11 pounds of dry glauber salts; 
16*of soaper salt ; 55 of sand ; 140 of cullet of the same kind. Another. — • 100 of 
sand ; 235 of kelp ; 60 of woojj ashes ; 1^ of manganese ; 100 of broken glass. 

6. White table glass. — 40 pounds of potashes ; 1 1 of chalk ; 76 of sand ; J of man- 
ganese ; 95 of white cullet. 

Another. — 50 of purified potashes ; 100 of sand; 20 of chalk ; and 2 of saltpetre. 

Bohemian table or plate glass is made with 63 parts of quartz ; 26 of purified pot- 
ashes ; 1 1 of sifted slaked lime, and some cullet. 

7. Crystal glass.— 60 psiTtaoi purified potashes; 120 of sand; 24 of chalk; 2 of 
saltpetre; 2 of arsenious acid; -fg of manganese. 

Another. — 70 of purified pearl ashes ; 120 of white sand ; 10 of saltpetre ; J of 
ai^nious acid ; ^ of manganese. 

A third. — 67 of sand ; 23 of purified pearl ashes : 10 of sifted slaked lime ; ^ of 
manganese ; (5 to 8 of red lead). 

A fourth. — 120 of white sand ; 50 of red lead ; 40 of purified pearl ashes ; 20 of salt- 
petre ; ^ of manganese. 

A fifth. — I20of white sand; 40 of pearl ashes purified ; 35 of red lead; 13 of salt- 
petre ; of manganese. 

A sixth. — 30 of the finest sand ; 20 of red lead ; 8 of pearl ashes purified ; 2 of salt- 
petre ; a little arsenious acid and manganese. 

A seventh. — 100 of sand ; 45 of red lead ; 35 of purified pearl ashes ; \ of manga- 
ne^ ; | of arsenious acid. 

8. Plate glass. — Very white sand, 300 parts ; dry purified soda, 1 00 parts ; carbonate 
of lime. 43 parts ; martganese, I ; cullet, 300. 

Another. — Finest sand, 720 ; purified soda, 450 ; quicklime, 80 parts ; saltp||re, 25 
parts ; cullet, 425. 

A little borax has also been prescribed ; much of it communicates an exfoliating 
property to glass. 

Pbactical Details of tiie Manufacture of Glass. 

There are five different species of glass, each requiring a pecnliar mode of fabrica- 
tion, and peculiar materials ; — 1. The coarsest and simplest form of this manufacture is 
bottle glass. 2. Next to it in cheapness of material may be ranked broad or spread 
window glass. An improved article of this kind is now made near Birmingham, 
under the name of British or German plate. 3. Crown glass comes next, or window 
glass, formed in large circular plates or discs. This glass is peculiar to Great Britain. 
4. Flint glass, crystal glass, or glass of lead. 5. Plate or fine mirror glass. 

The Pots. — The materials of every kind of glass are vitrified in pots made of a 
pure refractory clay ; the best kind of which is a species of shale or slate clay dug 
out of the coal-formation near Stourbridge. It contains hardly any lime or iron, and 
consists of silica and alumina in nearly equal proportions. The masses are carefully 
picked, brushed, and ground under edge iron wheels of considerable weight, and 
sifted through sieves having 20 meshes in the square inch. This powder is moistened 
with water (best hot), and kneaded by the feet or a loam-mill into,an uniform smooth 
paste. A large body of this dough should be made up at a time, and laid by in a damp 
cellar to ripen. Previously to working it into shapes, it should be mixed with about 
a fourth of its weight of cement of old pots, ground to powder. This mixture is 
sufficiently^lastic, and being less contractile by heat, forms more solid and durable 
vessels. Glass-house pots have the figure of a truncated cone, with the narrow end 
undermost ; those for bottle and window-glass being open at top, about 30 inches* 
diameter at bottom, 40 inches at the mouth, and 40 inches deep ; bat the flint-glass 
pots are covered in at top with a dome-cap, having a mouth at the side, by which the 
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materials are introduced, and the glass kttxtracted. Bottle and crown-house pots are 
from 3 to 4 inches thick ; those for flint-houses are an inch thinner, and of propor- 
tionally smaller capacity. See 

The well-mixed and kneaded doagk is first worked upon a board into a cake for 
the bottom ; o\er this the sides are raised, by laying on its edges rolls of clay above 
each otlier with much manual labour, and careful condensation. The clay is made 
into lumps, is equalised, and slapped much in the same way as for making pottery. 
The pots thus fashioned must be dried very prudently, first in the atin'>spheric tem- 
perature, and finally in a stove floor, which usually borrows its beat directly from the 
glass-house. Before setting the pots in the furnace, they are annealed during 4 or 5 
da} 8, at a red heat in a small reverberatory vault, made on purpose. When com- 
pletely annealed, they are transferred with the utmost expedition into their seat in the 
fire, by means of powerful tonga supported on the axle of an iron-wheel carriage 
frame, and terminating in a long lever for raising them and swinging them round. 
The pot‘setUng is a desperate service, and when unskilfully conducted without due 
mechanical aids, is the forlorn hope of the glass-founder. 

) The glass-houses are usually built in the form of a c^ne, fh>m 60 to 100 feet high, 
and fiom 50 to 80 feet in diameter at the base. The furnace is constructed in the 
centre of the area, above an arched or groined gallery which extends across the whole 
space, and terminates without the walls, in large folding doors. This cavern must 
be sufficiently high to allow labourers to wheel out the cinders in their barrows, 
The middle of the vaulted top is left open in the building, and is covered ever witli 
the grate-bars of the furnace. 

I. Bottle glass. — The bottle-house and its furnace resemble nearly Jig. 895. The 
furnace is usually an oblong square chamber, built of large fire-bricks, and arched 
over with fire-stone, a siliceous grit of excellent quality extracted from the coal 
measures of Newcastle. This furnace stands in the middle of the area ; and has its 
base divided into three compartments. The central space is occupied by the grate- 
bars : and on either side is the ]>latfonn or fire-brick siege (seat), raised about 12 
inches above the level of the nbs upon which the pots rest. Each siege is about 3 
feet broad. 

In the sides of the furnace semi-circular holes of about a foot diameter are left, 
opposite to, and a little above the top of, each pot, called working holes, by which 
the workmen shovel in the materials, and take out the plastic glass. At each angle 
of the furnace there is likewise a bole of about the same size, which communicates 
with the calcining furnace of a cylindrical form, dome-shaped at top. The flame 
that escapes from the founding or pot-furnace is thus economically brought to rever- 
berate on the raw materials of the bottle glass, so as to dissipate their car^naceous or 
volatile impurities, and convert them into a frit. A bottle-house has generally eight 
other furnaces or fire arches ; of which six are used for annealing the bottles after they 
are blown, and two for annealing the pots, before setting them in the furnace. 

Generally, for common bottles, the common river sand and soap-boilers* wasteiftre 
used. About 3 parts of waste, cohsisting of the insoluble residuum of kelp mixed with 
lime, and a little saline sabstance, are employed for 1 part of sand. This waste is first 
of all calcined in two of the fire arches or reverheratories reserved for that purpose, 
calk’d the coarse arches, where it is kept at a red heat, with occasional stirring, from 
24 to 30 hours, being the period of a journey, or journie, in which the materials could 
he melted and worked into bottles. The roasted soap-waste is then withdrawn under of 
the name of ashes, from its arch, coarsely ground, and mixed with its proper proportion 
of sand. This mixture is now put into the fine arch, and calcined during the working 
journey, which extends to 10 or 12 hours. Whenever the pots are worked out, that 
frit is immediately transferred into them in its ignited state, and the founding process 
proceeds with such despatch that this first charge of materials is completely melted 
down in 6 hours, so that the pots might admit to be filled up again with second charge 

of frit, which is founded in 4 hours more. The beat is briskly continaed^ a^ in the 
course of from 12 to 18 hours, according to the size of the pots, tl^quahty of ^e fuel, 
and the draught of the furnace, the vitrification is complete. Befiae blowing the 
bottles, however, the glass must be left to settle, and to cool down to the blowing con- 
sistency, by shutting the cave doors and feeding holes, so as to exclude the air from the 
fire-grate and the bottom of the hearth. The glass or metal ^comes more dense, and 
by its subsidence throws up the foreign lighter earthy and saline matters in the form of 
a scum on the surface, which is removed with skimming irons. The furnace is oow 
charged with coal, to enable it to afford a working heat for 4 or 5 hours, the end of 
which time more fuel is cautiously added to preserve adequate beat for hushing the 
^journey. 

It is hardly possible to wmvey in words altmc a correct idea of the manipulations 
necessary to the formation of a wine botrie. Six people are employed at this task ; 
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one, called a gatherer, dips the end of an iron tube, about five feet long, previously 
made red hot, into the pot of melted metaU turns the rod round so as to surround it vrith 
glass, lifts it out to cool a little, and then dips and turns it round again ; and so in 
succession till a ball is formed on its end sufficient to make the required bottle. He 
then hands it to the blovrer, is ho rolls the plastic lump of glass on a smooth stone or 
cast-iron plate, till he brings it to the very end of the tube ; he next introduces the 
pear.'Shaped ball into an open brass or cast-iron mould, shuts this together by pressing 
a pedal with his foot, and holding his tube vertically, blows through it, so as to ex- 
pand the cooling glass into the form of the mould. Whenever he takes his foot from 
the pedal-lever, the mould spontaneously opens out into two halvCvS, and falls asunder 
by Its bottom hinge. He then lifts the bottle up at the end of the rod, and transfers it 
to the finisher, who, touching the glass-tube at the end of the pipe with a cold iron, 
cracks off the bottle smoothly at its mouth-ring. The finished bottles are immediately 
piled up in the hot annealing arch, where they are afterwards allowed to cool slowly 
for 24 hours at least. 

2. Broad or spread windoio glass - — This kind of glass is called inferior window glass 
in this country, because coarst^in texture, of a wavy wrinkled surface, and very cheap; 
but on the continent spread window glass, being made with more care, is much 
better than ours, though still far inferior in transparency and polish to crown glass, 
which has, therefore, nearly superseded its use among us. But Messrs. Chance and Co , 
of Birmingham, make British sheet glass upon the best principles, and turn out an 
article quite equal, if not superior, to anything of the kind made either in France or 
Belgium. Their materials are those used in the crown-glass manufacture. Tlie vitri- 
fying mixture is fritted for 20 or 30 hours in a reverberatory arch, with considerable 
stirring and puddling with long-handled shovels and rakes ; and the fi it is then trans- 
ferred by shovels, while red hot, to the melting pots to be founded. When the glass is 
rightly vitrified, settled, and brought to a working heat, it is lifted out by iron tubes, 
blown into pears, which, being elongated into cylinders, are cracked up along one side 
parallel to the axis, by touching them with a cold iron dipped in water, and are then 
opened out into sheets. The glass cylinders are spread on a bed of smooth stone Paris- 
plaster, or laid on the bottom of a reverberatory arch ; the cylinder being placed on its 
side horizontally, with the cracked line uppermost, gradually opens out, and flattens 
on the hearth. At one time, thick plates were thus prepared for subsequent polishing 
into mirrors ; but the glass was never of very good quality ; and this mode of making 
mirror-plate has accordingly been generally abandoned. 

The spreading furnace or oven is that in which cylinders arc expanded into tables 
or plates. It ought to be maintained at a brisk red heat, to facilitate the softening of 
the glass. The oven is placed in immediate connection with the annealing arch, so 
that the tables may be readily and safely transferred from the former to the latter. 
Sometimes the cylinders are spread in a large muffle furnace, in order to protect them 
from being tarnished by sulphureous and carbonaceous fumes. 

Fig, 890 represents a ground plan of both the spreading and annealing furnace; fig, ' 
891 is an oblong profile in the direction of the dotted line x x,fig. 890. 


890 891 



a is the fire-place ; h h, the canals or flues through which the flame rises into both 
furnaces ; c, the spreading furnace, upon whose sole is the spreading slab. is the 
cooling and annealing oven ; e e, iron bars which extend obliquely across the anneal- 
ing arch, and serve for resting the glass tables against during the cooling. //, the 
channel along which the previously cracked cylinders are slid, so as to be gradually 
warmed ; ^,the opening in the spreading furnace, for enabling the workmen to regu- 
late the process ; /i, a door in the annealing arch, for introducing the tools requisite for 
raising up and removing the tables. 

The serigs of transformations in sheetglass, already described, is represented in/??. 
892, at A. B, c, P, E, F, G, H. » e 

Figs. 893 and 894 represent a Bohemian furnace in which excellent white window • 
glass is founded. Fig. 89-3 is a longitudinal section of the glass and annealing fuimace, 
Big. 894 IS the ground plan, a is the ash pit vaulted under the sole of the furnace; 
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the fire-place itself is divided into three compartments ; -with a middle slab at which 
is hollowed in the centre, for collecting any spilt glass, and two hearth tiles or slal» 
b h. cc are the draught or air 
holes ; e e are arches upon 
which the bearing slabs f f 
partly rest. In the middle be- 
tween these arches, the flame 
strikes upwards upon the pots 
y, placed as closely together 
as p<)ssible for economy of 
room, h is the breast w^l of 
the furnace ; i. Jig. 894, the 
opening through which the 
pots arc introduced; it is 
bricked up as soon as they are 
Set. A A is the base of the 
cone or dome of the furnace; 

1 1 /, the working orifices, which 
are made larger or smaller ac- 
cording to the siaie of the glass 
articles to be made, w is the 
flue which leads to the anneal- 
ing stove n, with an arched 
door. Exterior to this there 
is usually a drying kiln, not shown in the figure; and there are adjoining stoves, 
called arches^ for drying and annealing the new pots before they are set. 

The cooling or annealing arch, or leer, is often built independent of the glass-house 
furnace, is then heated by a separate fire-place, and constructed like a very long re- 
verberatory furnace. ^ . v» • 

The leer pans, or trays of sheet iron, are laid upon its bottom in an oblong series, 
and hooked to each other. ^ t • >5 « . 

3. Crown-glass. — The crown-glass house with its furnace is represented mjig. 895, 
w here the blowing operation is shown on the one side of the figure, and iJiQjlashing on 
the other. The furnace is usually constructed to receive 4 or 6 pots, of such dimen- 
sions as to make about a ton of glass each at a time. There are, however, several 
subsidiary furnaces to a crown-house : I, a reverberatory furnace or caicavy for cal- 
cining or fritting the materials ; 2, 
a blowing furnace, for blowing the 
pear-shaped balls made at the pot- 
holes, into large globes, 3, a flash- 
ing furnace, and bottoming hole for 
communicating a softening heat, 
in expanding the globe into a cir- 
cular plate ; 4, the annealing arch 
for the finished tables ; 5, the rever- 
beratory oven for annealing the pots 
prior to their being set upon the 
foundirg si’eye. 

The materials of crown glass used 
to be, fine sand, by measure 5 parts, 
or by weight 10; ground kelp, by 
measure H parts, or by weight I6j ; 
but instead of kelp, soda ash is now 
generally employed. From 6 to 
8 cwt. of sand, lime, and soda-ash, 
mixed together in wooden boxes 
with a shovel, are thrown on the 
sole of a large reverberatory. Here the mixture is well worked together with iron 
paddles, flat shovels, and rakes with long handles ; the ai-ea of this furnace being 
about 6 feet square, and the height 2 feet. The heat soon brings the materials to a 
pasty consistence, when they must he diligently turned over, to favour the dissipation 
of the carbon, sulphur, and other volatile matters of the kelp or soda ash, and to in- 
corporate the fixed ingredients uniformly with the sand. Towards the en^ of 3 hours, 
the fire is considerably raised, and when the fourth hour has expired, the fritting 
operation is finished. The mass is now shovelled or raked out into shallow cast-iron 
square cases, smoothed down, and divided before it hardens by cooling, into square 
lumps, by cross sections with the spade. These frit-bricks are afterwards piled up 
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in a large apartment for use ; and have been supposed to in^)rOTe with age, by the 
efflorescence of their saline constituents into carbonate of soda on their surface. 

The founding-pots are filled up with these blocks of frit, and the furnace is power- 
fully urged by opening all the subterranean passages to its grate, and closing all the 
doors and windows of the glass-house itself. After 8 or 10 hours the vitrification has 
made such progress, and the blocks first introduced are so far melted down, that 
another charge of frit can be thrown in, and thus the pot is fed with frit tilt the 
proper quantity is used. In about 16 hours the vitrification of the frit has taken 
place, and a considerable quantity, amounting often to the cwt. of liquid saline matter 
floats over the glass. This salt is carefully skimmed oflf into iron pots with long 
ladles. It is called Sandiver, or Glass-gall, and consists usually of muriate of soda, 
with a little sulphate. The pot is now ready for receiving the topping o/cullel, which 
is broken pieces of window glass, to the amount of 3 or 4 cwt. This is shovelled in 
at short intervals ; and as its pressure forces up the residuary saline matter, this is 
removed ; for were it allowed to remain, the body of the glass would be m.aterialiy 
deteriorated. 

The heat is still continued for several hours till the glass is perfect, and the extri- 
cation of gas called the boil, w^ich accompanies the fusion of crown glass, has nearly 
terminated, when the fire is abated, by shutting up the lower vault doors and every 
avenue to the grate, in order that the glass may settle fine. At the end of about 40 
hours altogether, the fire being slightly raised by adding some coals, and opening the 
doors, the glass is carefully skimmed, and the working of the pots commences. 

Before describing it, however, we may 
state that the marginal figure, 896, shows 
the base of the crown-house cone, with the 

i four open pots in two ranges on opposite 
sides of the furnace, sitting on their raised 
sieges, at each side of the grate. At one 
side of the base the door of the vault is 
shown, and its course is marked by the 
dotted lines. 

The crown-glass furnace, figs. 897, 898, is an oblong square, built in the centre of a 
brick cone, large enough to contain within it two or three pots at each side of the 
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grate room, which is either divided as shown in the plan, or runs the whole length of 
the furnace, as the manufacturer chooses. Fig. 898 is a ground plan, mdfig. 897 a 
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front elevation of a six-pot furnace. 1, 2, Z^Jig. 897, are the ■working holes for the 
pui poses of ventilation, of putting in the materials, and of taking out the metal to be 
wrought. 4, 5, 6, 7, are pipe holes for warming the pipes before beginning to work 
with them. 8, 9, 10, are foot holes for mending the pots and sieges. 11 is a bar 
of iron for binding the furnace, and keeping it from swelling. 

The arch is of an elliptic form j though a barrel arch, that is, an arch shaped like 
the half of a barrel cut h^ngwise through the centre, is sometimes used. But this soon 
gives way when used in the manufacture of crown glass, although it does very well 
in the clay-furnace used for bottle houses. 

The best stone for building furnaces is fire-stone; it may be obtained in the 
neighhourliood of Newcastle from the coal-measures generally, and some of the 
sandstones of the eastern counties are found to answer the purpose admirably. The 
great danger in building furnaces is, lest the cement at the top should give way with 
the. excessive heat, and by dropping into the pots, spoil the metal. The top should 
therefore be built with stones only, as loose as they can hold together after the centres 
are removed, and without any cement whatever. The stones expand and come quite 
close together when annealing ; an operation which takes from eight to fourteen days 
at most. There is thus less risk of any thing dropping from the roof of the furnace. 

The inside of the square of the furnace is built either of Stourbridge fire-clay an- 
nealed, or of fire-stone, to the thickness of sixteen inches. The outside is built of 
common brick, about nine inches in thickness. 

The furnace is thrown over an ash-pit, or cave as it is called, which admits the 
atmospheric air, and promotes the combustion of the furnace. This cave is built of 
stone until it comes beneath the grate room, when it is formed of fire-brick. The 
abutments are useful for binding and keeping the furnace together, and are built of 
masonry. The furnaces are stoutly clasped with iron all round, to keep them tight. 
In four-pot furnaces this is unnecessary, provided there be four good abutments. 

Fig. 899 is an elevation of the flashing furnace. The outside is built of common 
brick, the inside of fire-brick, and the mouth or nose of Stourbridge fire-clay. 



Fig. 900 is the annealing kiln. It is built of common brick, except round the 
grate room, where fire-brick is used. 

Few tools are needed for blowing and flashing crown-glass. The requisite ball of 
plastic glass is gathered, in successive layers as for bottles, on the end of an iron lube, 
and rolled into a pear-shape, on a cast-iron plate; the workman taking care that the 
air blown into its cavity is surrounded with an equal body of glass, and if he perceives 
any side to be thicker than another, he corrects the inequality by rolling it on the slop- 
ing iron table called marver (marbre). He now heats the bulb in the fire, and rolls it so 
as to form the glass upon the end of the tube, and by a dexterous swing or two he 
lengthens it, as shown in l,/g. 901. To extend the neck of that pear, he next rolls it 
over a smooth iron rod, turned round in a horizontal direction, into the shape K,Jig. 901 . 
By ftirther expansion at the blowing furnace, he now brings it to the shape repre- 
sented m^g. 901. 

This spheroid haring become cool and somewhat stiff, is next carried to the bottom- 
ing hole (like^^r. 899). to be exposed to the action of flame. A slight wall erected 
before one half of this hole, screens the workman from the heat, but leaves room for 
the globe to pass between it and the posterior wall. The blowing-pipe is made to 
rest a little way from the neck of the globe, on a hook fixed in the front wall ; and 
thus may be made easily to revolve on its axis, and by giving centrifugal force to the 
globe, while the bottom of it, or part opposite to the pipe, is softened byfthe heat, it 
soon assumes the form exhibited in N.jig. 901. 

In this state the flattened globe is removed from the fire, and its rod being rested 
on the cosher box covered with coal cinders, another workman now applies the end of 
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a solid iron rod tipped with melted glass, called a pmito, to the nipple or prominence 
in the middle; and thus attaches it to the centre of the globe, while the first work- 
man cracks off the globe by touching its tubular neck with an iron chisel dipped in 
cold water. The workman having thereby taken possession of the globe by its 
bottom or knobbled pole attached to his punty rod, he now carries it to another cir- 
cular opening, where he exposes it to the action of moderate flame with regular rota- 
tion, and thus slowly heats the thick projecting remains of the former neck, and 
opens it slightly out, as shown at N, in fig, 901. lie next hands it to the floither^ who, 
resting the iron rod in a hook placed near the side of the orifice a., fig. 899, wheels it 
rapidly round opposite to a powerful flame, till it assumes first the figure o, and finally 
that of a fiat circular table. 


The flasher then walks off with the table, keeping up a slight rotation as he moves 
along, and when it is sufficiently cool, he turns down his rod into a vertical position, 
and lays the table flat on a dry block of fire-clay, or bed of sand, when an assistant 
nips it off from the panto with a pair of long iron shears, or cracks it off with a touch 
of cold iron. The loose table or plate is lastly lifted np horizontally on a double 
pronged iron fork, introduced into the annealing arch, 900, and raised on edge ; an 
assistant with a long-kneed ftrk preventing it from falling too rapidly backwards. 
In this arch a great many tables of glass are piled up in iron frames, and slowly 
cooled from a heat of about 600® to lUO-" F., which takes about 24 hours ; when tliey 
are removed. A circular plate or table of about 5 feet diameter weighs on an average 
9 pounds. 

4. Flint glass. — This kind of glass is so called because originally made with cal- 
cined flints, as the siliceous ingredient. 7'he materials at present employed in this 
country for the finest flint glass are, first, sand, calcined, sifted, and washed ; second, 
an oxide of lead, either red lead or litharge ; and third, pcarlash. Sand fi>r flint 
glass manufacture is obtained from the Isle of Wight, Aylesbury, the New Forest, 
and some other localities in this country. A very beautiful sand is brought from 
America, and some has been sent home from Australia. The pearl ash of comnu rce 
must however be purified by digesting it in a very little hot water, which dissolves 
the carbonate of potash, and leaves the foreign salts, chiefly sulphate of potash, 
muriate of potash, and muriate of soda. The solution of the carbonate being allowed 
to cool and become clear iu lead pans, is then run off into a shallow iron boiler, and 
evaporated to dryness. Nitre is generally added as a fourth ingredient of the body 
of the glass ; and it serves to correct any imperfections which might arise from acci- 
dental combustible particles, or from the lead being not duly oxidised. The above 
four substances constitute the main articles ; to which we may add arsenic and man- 
ganese, introduced in very small quantities, Xp purify the colour and clear up the 
transparency of the glass. The black oxide of manganese, when used in such quantity 
only as to peroxidise the iron of the sand, simply removes the green tinge eau'^ed by 
the protoxide of iron ; but if more manganese be added than accomplishes that 
purpose, it will give a purple tinge to the glass. '^J'he arsenic is supposed to counter- 
act the injury arising from excess of manganese, but is itself very apt on the other 



hand to communicate some degree 
of opalescence, or at least to im- 
pair the lustre of the glass. 

The raw materials of flint gla«s, 
are always mixed with about a 
third or a fourth of their weight 
of broken glass of like quality; 
this mixture is thrown into the 
pot with a shovel ; and more is 
added whenever the preceding 
portions by melting subside; the 
object being to obtain a pot full of 
glass, to facilitate the skimming 
off the impurities and sandiver. 
The mouth of the pot is now shut, 
by applying clay-lute round the 
stopper, with the exception of a 
small orifice below, for the escape 
of the Rquid saline matter. Flint 
glass requires about 48 hours for 
its complete vitrification, though 
the materials are more fusible than 


those of crown glass ; in consequence of the contents of the pot being partially screened 
by its co^ er from the action of the fire, as also from the lower intensity of the heat. 



GLASS. 


353 


Fig. 902 represents a flint glass house for 6 pots, with the arch or leer on one side for 
annealing the crystal ware, la fig. 903, the base of the cone is seen, and the glass 
pots in situ on their platform 
ranged round the central fire grate. 

The dotted line denotes the con- 
tour of the furnace, Ai?. 902. 

WhencTer the glass appears fine, 
and is freed from its air bubbles, 
which it usually is in about 36 
hours, the heat is suffered to fau 
a little by closing the bottom valves, 

&e., that the pot may settle ; but prior to working the metal, the heat is somewhat 
raised again. 

It would be useless to describe the manual operations of fashioning the various 
articles of the flint-glass manufacture, because they are indefinitely varied to suit the 
conveniences and caprices of human society. 

Every different flint-house has a peculiar proportion of glass materials. The fol- 
lowing have been offered as good practical mixtures : -a. 


1 . Fine white sand 300 parts. 

Red lead or litharge ------- - 200 

Refined pearl ashes --------so 

Nitre - -- -- .- ..-20 


Arsenic and manganese, a minute quantity. 



2 . Fine sand - 50-5 

Litharge 27‘2 

Refined pearl ashes (carbonate of potash, with 5 per cent, of water) 1 7-5 
Nitre --. 4.8 


1000 

To these quantities from 30 to 50 parts of broken glass or cnllet are added, with 
about a two-thousandth part of manganese, and a three-thousandth part of arsenic. 
/i. Rut manganese varies so extremely in its purity, and contains often so much oxide of 

iron, that nothing can be predicated as to its quantity previously to trial. 

M. Payen, an eminent manufacturing chemist in France, says that the composition 
of “ crystal ” (the name given in France to their finest flint glass) does not deviate much 
from the following proportions : — 

Wood fire» Coal fire. 

Siliceous sand . - . . 3 3 

Minium ----- 2 , 

Carbonate of potash - - - Ij 1| 

The flint-glass leer for annealing glass, is an arched gallery or large fine, about 36 
feet long, 3 feet high, 4 wide ; having its floor raised aimve 2 feet above the ground of 
the glass-house. The hot air and smoke of a fire-place at one end pass along this gal- 
lery, and are discharged by a chimney 8 or 10 feet short of the other end. On the floor 
of the vault, large iron trays are laid and booked to each other in a series, which are 
drawn from the fire end towards the other by a chain, wound about a cylinder by a 
winch handle projecting through the side. The flint-glass articles are placed in their 
hot state into the tray next the fire, which is moved onwards to a cooler station when- 
ever it is filled, and an empty tray is set in its place. Thus, in the course of about 20 
^ hours, the glass advances to the cool end thoroughly annealed. 

Besides colourless transparent glass, which forms the most important part of this 
manufacture, various coloured glasses are made to suit the taste of the public. The 
opaline crystal may be prepared by adding to the above composition (No. 2) phos- 
phate of lime, or well burnt bone-ash in fine powder, washed, and dried. The article 
must be as uniform in thickness as possible, and speedily worked into shape, with a 
moderate heat. Oxide of tin, putty-powder, was formerly used for making opalescent 
glass, but the lustre of the body was always impaired by its means. 

Crystal vessicls are made of which the inner surface is colourless, and all the external 
facets coloured. Such works are easily executed. The end of the blowing-rod must 
be dipped first in the pot containing colourless glass, to form a bulb of a certain size, 
which being cooled a little is then dipped for an instant into the pot of coloured glass. 
The two layers are associated without intermixture ; and when the article is finished 
in its form, it is white within and coloured without Fluted lines somewhat deeply 
cut, pass through the coloured coat, and enter the colourless one ; so that when they 
cross, their ends alone are coloured. 

For some time past, likewise, various crystal articles have been exhibited in the 
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market with coloured enamel figures on their surface, or with white incrustations of a 
silvery lustre in their interior. The former are prepared by placing the enamel object 
in the brass mould, at the place where it is sought to be attached. The bulb of glass 
being put into the mould, and blown while very hot, the small plate of enamel gets 
cemented to the surface. For making the white argentine incrustations, small figures 
are prepared with an impalpable powder of dry porcelain paste, cemented into a solid 
by means of a little gypsum plaster. When these pieces are thoroughly dried, they 
are laid on the glass while it is red hot, and a large patch of very liquid glass is placed 
above it, so as to encase it and form one body with^tbe whole. In this way the in- 
crostation is completely enclosed ; and the polished surface of the crystal which 
scarcely touches it, gives a brilliant aspect, pleasing to the eye. 

Opticai. Glass. ^ An uniform flint-glass, free from strim, or wrealhj is much in 
demand for the optician. It would appear that such an article was much more com- 
monly made by the English manufacturers many years ago, than at preseut ; end that 
in improving the brilliancy of crystal gbss they have injared its fitness for construct- 
ing optical lenses, which depends, not so much on its whiteness and lustre, as on its 
homogeneous character. Even a potful of pretty uniform glass, when it stands some 
time liquid, becomes eventually unequable by the snbsidence of the denser portions ; 
so that striae and gelatinous appearances begin to manifest themselves, and the glass 
becomes of little value. Glass allowed to cool slowly in mass in the pot is particularly 
full of wreath, and if quickly refrigerated, that is in two or three hours, it is apt to 
split into a multitude of minute splinters, of which no use can be made. For optical 
purposes, the glass must be taken out in its liquid state, being gathered on the end of 
the iron rod from the central portion of a recently skimmed pot, after the upper layers 
have been worked off in general articles. 

M. Gninand, of Brenets near Neufchatcl, a workman in the watch and clock trade, 
appears to have discovered processes that furnished almost certainly pieces of flint 
glass capable of forming good lenses of remarkable dimensions, even of II inches 
diameter, of adequate density and transparency, and nearly free from stria. Guinand’s 
plan consisted Jj^nly In thoroughly mixing the melted metal” with an iron rod. 
Gutnand joineaM. Frauenhoffer, of Munich, and one of the largest of the lenses pro- 
duced by them, the diameter of which is 9 inches, is now in the observatory at Dorpat, 

Guinand was long in communication with the Astronomical Society of London; 
and he sent over some discs of flint-glass, of which Messrs. Dollond and Herschel 
made a favourable report. A commission was formed, consisting of Herschel, Dollond, 
Faraday, and Roget, but owing to the annoying interferences of the excise officers, 
notwithstanding the Government had made some special exceptions in favour of those 
scientific experiments, the results were not practically of that high value which might 
have been expected. Many of the ohsen^ations however were of great value. Amongst 
other discoveries might be named the remarkable heavy glass, the Sdico-borate of lead, 
with which the discovery of the “so-called” magnetisation of a ray of light was made. 
M. Guinand died, and one of his sons worked with M. Bontemps, while the widow 
and another son set up works in Switzerland. From their manufactory some examples 
of lenses were sent to the Great Exhibition of 1851. M. Bontemps was in 1848 pre- 
vailed upon to accept the invitation of Messrs. Chance Brothers and Co. to unite with 
them in attempts they were then making to improve the quality of glass. They suc- 
ceeded in producing discs of extraordinary dimensions in flint of 29 inches diameter, 
weighing two cwt, and of crown glass up to 20 inches. Messrs. Chance, at the re- 
commendation of the jury, were induced to submit their disc of flint-glass to the 
operation of grinding, flnishing, and other processes necessary in order to ascertain 
the uniformity of its density throughout, and its superior quality was fully established. 

M. Maes of Clichy, near Paris, proposes to mannfactare optical glass, with the 
addition of barytes, magnesia, and oxide of zinc, in combination with boracic acid. 
The glass manufactured by M. Maes is exceedingly beautiful, but the boracic acid 
renders it very expens^e. M. Cauchoix, the eminent French optician, says, that out 
of ten object glasses, 4 inches in diameter, made with M. Guinand’s flint-glass, eight 
or nine turned out very goo^, while out of an equal number of object glasses made of 
the flint-glass of the English and French manufactories, only one, or two at most, were 
found serviceable. 

An achromatic object glass for telescopes and microscopes consists of at least two 
‘lenses ; the one made with glass of lead, or flint glass, and the other with crown glass; 
the former possessing a power of dispersing the coloured rays relatively to its mean 
refractive power much greater than the latter; upon which principle, the achromatism 
of the iiiuige is produced, by re-uniting the different coloured rays into one focus. 
Three plans have been prescribed for obtaining homogeneous pieces of optical glass: 
1, to lift a mass of it in large ladles, and let it cool in them ; 2, to pour it out from 
the pots into moulds ; 3, to allow it to cool in the pots, and aAerwards to cut it off in 
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horizoDtal strata. The last method seldom affords pieces of uniform density, unless 
peculiar precautions have been adopted to settle the flint glass in uniform strata ; 
because its materials are of such unequal density, the oxide of lead having a spe- 
cific gravity of 8, and silica of 2*7, that they are apt to stand at irregular heights in 
the pots. 

One main cause of these inequalities lies in the construction of the furnace, whereby 
the bottom of the pot is usually much less heated than the upper part. In a plate glass 
furnace the temperature of the top of the pot has been found to be 1 30° Wedgew., while 
that of the bottom was only 110°, constituting a difference of no less than 2610° F. 
The necessity consequence is that the denser particles which subside to the bottom 
during the fusion of the materials, and after the first extrication of the gases, must 
remain there, not being duly agitated by the expansive force of caloric, acting from 
below upwards. 

The following suggestions, deduced from a consideration of principles, may pro- 
bably lead to some improvements, if judiciously applied. The great object is to 
counteract the tendency of the glass of lead to distribute itself into strata of different 
densities ; which may be effected either by mechanical agitation or by applying the 
greatest heat to the bottom of the pot. But however homogeneous the glass may be 
thereby made, its subsequent separation into strata of different densities must be pre- 
vented by rapid cooling and solidification. As the deeper the pots, the greater is the 
chance of unequal specific gravity in their contents, it would be advisable to make them 
wider*and shallower than those in use for making ordinary glass. The intermixture 
may be effected either by lading the glass out of one pot into another in the furnace, 
and back again, with copper ladles, or by stirring it up with a rooser, then allowing it 
to settle for a short time, till it becomes clear and free from air bubbles. The pot 
may now be removed from the furnace, in order to solidify its contents in their ho- 
mogeneous state 5 after which the glass may be broken in pieces, and be perfected by 
subjecting it to a second fusion ; or what is easier and quicker, we may form suitable 
discs of glass without breaking down the potful, by lifting it oat in flat copper ladles 
with iron shanks, and transferring the lumps after a little while iato the annealing 
leer. — Vre. 

To reader a potful of glass homogeneous by agitation, is a most difficult task, as 
an iron rod would discolour it, and a copper rod would be apt to melt. An iron rod 
sheathed in laminated platinum would answer well, but for its expense. A stone- 
ware tube supported within by a rod of iron, might also be employed for the purpose 
in careful hands ; the stirriug being repeated several times, till at last the glass is 
suffered to stiffen a little by decrease of temperature. It must be then allowed to 
settle and cool, after which the pot, being of small dimensions, may be drawn out of 
the fire. 

2. The second method of producing the desired uniformity of mixture, consists 
in applying a greater heat to the bottom than to the upper 
Fig. 904 represents in section a furnace contrived to effect 
drical, and of a diameter no greater than to allow the flames 
to play round the pot, containing from three to four cwts. of 
vitreous materials, a is the pot, resting upon the arched 
grid h a, built of fire-bricks, whose apertures are wide 
enough to let the flames rise freely, and strike the bottom 
and sides of the vessel. From Ij to 2 feet under that arch, 
ftie fuel grate c d is placed, b c are the two working open- 
ings for introducing the materials and inspecting the progress 
of the fusion ; they must be closed with fire-tiles and luted 
with fire-clay at the beginning of the process. At the back 
of the furnace, opposite the mouth of the fire-place, there is 
a door-way, which is bricked up, except upon occasion of 
putting in and taking out the pot. The draught is regulated 
by means of a slMe-plate, upon the mouth of the ash-pit f. 

The pot being heated to the proper pitch, some purified pearl 
ash, mixed with fully twice its weight of colourless quartz 
sand, is to be thrown into it, and after the complete fusion of 
this mixture, the remaining part of the sand, along with the 
oxide of lead (fine litharge), is to be strewn upon the surface. 

These siliceous particles in their descent serve to extricate 
the air from the mass. Whenever the whole is fused, the 
heat must be strongly urged to insure a complete uniformity 
of combination by the internal motions of the particles. As 
soon as the glass has been found by making test phials to be perfectly fine, the fire 
must be withdrawn, the two working-holes must be opened, as ell as the mouths of 
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the fire>place and as1i>pit to admit free ingress to cooling carrents of air, so as to con* 
geal the liqaid mass as qaickly as possible; a condition essential to the uniformity of 
the glass. It may be worth while to stir it a little with the pottery rod at the com* 
mencement of the cooling process. The solidified glass may be afterwards detached 
by a hammer in conchoidal discs, which afler chipping off their edges, are to be 
placed in proper porcelain or stone* ware dishes, and exposed to a softening heat, in 
order to give them a lenticular shape. Great care must be taken that the heat thus 
applied by the muffle furnace be rery equable, for otherwise wreathes might be very 
readily reproduced in the discs. A small oven npon the plan of a baker’s, is best 
fitted for this purpose, which being heated to dull redness, and then extftiguished, is 
ready to soften and afterwards anneal the conchoidal pieces. 

Guinand’s dense optical flint glass, of specific gravity 3*616, consists, by analysis, of 
oxide of lead, 43*05 ; silica, 44*3 ; and potash, 11*75 ; but requires for its formation the 
following ingredients : — 100 pounds of ground quartz ; 100 pounds of fine red lead ; 35 
pounds of purified potash ; and from 2 to 4 pounds of salt^tre. As this species of 
glass is injured by an excess of potash, it should be compounded with rather a defect 
of it, and melted by a proporttonably higher or longer heat. A good optical glass 
has been made in Germany with 7 parts of pure red lead, 3 parts of finely ground 
quartz, and 2 parts of calcined borax. 

5. Plate glaae. — This, like English crown-glass, has a soda flux, whereas flint-glass 
requires potash, and is never of good quality when made with soda. We shall distri- 
bute our account of this manufacture under two heads. 

1. The different furnaces and principal machines, without whose knowledge it would 
be impossible to understand the several processes of a plate-glass factory. 

2. The materials which enter into the composition of this kind of glass, and the 

series of operations which they undergo ; devoting onr Chief attention to the changes 
and improvements which long experience, enlightened by modem chemistry, has intro* 
dnced into the great manufactory of Saint-Gobain in France, under the direction of 
M. Tassaert It may however be remarlmfltbht'the English plate-glass manufacture 
derives peculiar advantages from the (U||flfflence of its grinding and polishing ma- 
chinery. ^ 

The following description given by OV. Ure refers almost entirely to the manofac- 
tore of plate glass in France. It is retained in nearly its original form, and is, in 
nearly all respects, equally applicable to the manofaeture of the best plate glass in this 
country. 

The clay for making the bricks and pots should be free from lime and iron, and 
very refractory. It is mixed with the powder of old pots passed tbroogh a silk sieve. 
If the clay be very plastic it will bear its own weight of the powder, but if shorter in 
quality, it will take only three-fifths. But before mingling it with the cement of old 
pots, it must be dried, bruised, then picked, ground, and finally elutriated by agita- 
tion with water, decantation through a hair sieve, and subsidence. The clay fluid after 
passing the sieve is called slip {coulis). 

The furnace is built of dry bricks, cemented with slip, and has at each of its four • 
angles a peculiar annealing arch, which communicates with the furnace interiorly, and 
thence derives sufficient heat to effect in part, if not wholly, the annealing of the pots, 
which are always deposited there a long time before they are used. Three of t^se 
arches, exclusively appropriated to this purpose, are call^ pot-arches. The fourth is 
called the arch of the materials^ because it Serves for dry ing them before they are founded. 
Each arch has, moreover, a principal opening called the throat, another called honnardy 
by the French workmen, through which fire may be kindled in the arch itself, when it 
was thought to be necessary for the annealing of the pots ; a practice now abandoned. 
The duration of a furnace is commonly a year, or at most 14 months ; that of the 
arches is 30 years or upwards, as they are not exposed to so strong a heat ‘ 

In the manufacture of plate-glass two sorts of crucibles are employed, called the 
pots and the basins (emifes). The first serve for containing the materials to be 
founded, and for keeping them a long time in the melted state. The cuvettes receive the 
melted glass after it is refined, and decant it out on the table to be rolled into a plate. 
Three pots hold liquid glass for six small basins, or for three large ones, the latter being 
employed for making mirrors of great dimensions, that is, 100 inches long and up- 
wards. Furnaces have been lately constructed with 6 pots, and 12 cuvettes, 8 of which 
are small, and 4 large ; and cnvettes of three sizes are made, called smally middlingy and 
large. The small are perfect cubes, the middling and the large ones are oblong pa- 
rallelepiped Towards the middle of their height, a notch or groove, two or three 
inches broad, and an inch deep, is left, called.the girdle of the cuvette, by which part 
they are grasped with the tongs, or rather are clamped in the iron frame. This frame 
goes round the four sides of the small cuvettes, and may be placed indifferently upon 
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all tbeir sides; in the other cuvettes, the girdle extends only over the two large sides, 
becatise they cannot be turned up. See m 905, p. 360. 

The pot is an inverted truncated cone, like a crown glass pot It is about 30 inches 
high, and from 30 to 32 inches wide, including its thickness. There is only a few 
inches of difference between the diameter of the top and that of the bottom. The 
bottom is three inches thick, and the body turns gradually thinner till it is an inch at 
the mouth of the pot. 

The large building or factory, of which the melting furnace occupies the middle 
space, is called the haUe in French. At Ravenbead in Lancashire it is called the 
foundry, and is of magnificent dimensions, its length is 339 feet, and its breadth 155. 
The famous haile of St. Gobain is 174 feet by 120. Along the two side walls of the 
halUi which are solidly constructed of hewn stone, there are openings like those of 
common ovens. These ovens, destined for the annealing of the newly cast plates, 
hear the name of carquaises^ Their soles are raised two feet and a half above the level 
of the ground, in order to bring them into the same horizontal plane with the casting 
tables. Their length, amounting sometimes to 30 feet, and their breadth to 20, are 
required in order to accommodate 6, 8, or even 10 places of glass alongside of each 
other. The front aperture is called the throat, and the back door the little throat 
igueulette). The carquaise is heated by means of a fire-place of a square form called 
a tisary which extends along its side. 

The founding or melting furnace is a square brick building laid on solid foundations, 
being from 8 to 10 feet in each of its fronts, and rising inside into a vault or crown 
about 10 feet high. At each angle of this square, a small oven or arch is constructed, 
likewise vaulted within, and communicating with the melting furnace by square fiues, 
called lunetteSy through which it receives a powerful heat, though much inferior to that 
round the pots. The arches are so distributed as that two of the extn’ior sides of the 
furnace stand wholly free, while the two other sides, on which the arches encroach, 
offer a free space of only 3 feet. In this inteijacent space, two principal openings of 
the furnace, of equal size in each side, are left in the building. These are called 
tunnels. They are destined for the introduction of the pots and the fuel. 

On looking through the tunnels into the inside of the furnace, we perceive to the 
right hand and the left, along the two free sides, two low platforms or siegesy at least 

30 inches In height and breadth. See 896, 898. 

These sieges (seats) being intended to support the pots and the cuvettes filled with 
heavy materials, are terminated by a slope, which ensures the solidity of the fire-clay 
mound. The slopes of the two sieges extend towards the middle of the fumaee so 
near as to leave a space of only from 6 to 10 inches between them for the hearth. The 
end of this is perforated with a bole sufficiently large to give passage to the liquid glass 
of a broken pot, while the rest is preserved by lading it from the month into the ad- 
joining cuvette. 

In the two large parallel sides of the furnace, other apertures are leff, much smaller 
than the tunnels, Which are called ouvreaux (peep boles). The lower ones, or the 
cuvreaux en 6as, called cuvette openings, because, being allotted to the admission of these 
vessels, they are exactly on a level with the snrface of the sitgesy and with the fioor of 
the haile. Plates of cast iron form the thresholds of these openings, and facilitate the 
ingiress and egress of the envettes The apertures are arched at top, with hewn stone 
like the tunnels, and are 18 inches wide when the cuvettes are 16 inches broad. 

The upper and smaller apertures, or the higher ouvreaux, called the lading holes, be- 
cause they serve for transvasing the liquid glass, are three in number, and are placed 

31 or 32 inches above the surface of the sieges. As the pots are only 30 inches high, 
it becomes easy to work throug-h these openings either in the pots or the cuvettes. The 
pots stand opposite to the two pillars which separate the openings, so that a space is left 
between them for one or more cuvettes according to the size of the latter. It is obvious 
that if the tunnels and ouvreaux were left open, the furnace wo^d not draw or take the 
requisite founding heat. Hence tlie openings are shut by mmllrof fire-tiles. These 
are put in their places, and removed by means of two holes left in them in corre- 
spondence with ffie two prongs of a large iron fork supported by an axle and two iron 
wheels, and terminated by two handles which the workmen lay hold of when they 
wish to move the tile. 

The closing of the tunnel is more complex. When it is shut or ready for the firing, 
the aperture appears built up with bricks and mortar from the top of the arch to the 
middle of the tunnel. The remainder of the door-way is closed, — 1. on the two sides 
down to the bottom, by a small upright wall, likewise of bricks, and 8 inches broad, 
called walls of the glaye ; 2, by an assemblage of pieces called pieces of the ghycy be- 
cause the whole of the closure of the tunnel bears the name of glaye. The upper hole, 

4 inches square, is called the tisar, through which billets of wood are tossed into the 
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fire. Fuel is also introduced into the posterior openings. The fire is alvays kept up 
on the hearth of the tunnel, which is on this account, 4 inches higher than the furnace- 
hearth, in order that the glass which may accidentally fall down on it, and which does 
not flow off by the bottom hole, may not impede the combustion. Should a body of 
glass, however, at any time obstruct the grate, it must be removed with rakes, by open- 
ing the tunnel and dismounting the fire-tile stoppers of the glaye. 

Formerly wood fuel alone was employed for heating the melting-furnaces of the 
mirror- plate manufactory of Saint-Gobain ; but withiu these few years, the director of 
the works makes usewith nearly equal advantage of pit-coal. In the same establishment, 
two melting furnaces may be seen, one of which is fired w ith wood, and the other with 
coals, without any difference being perceptible in the quality of the glass furnished by 
either. It is not true, as has been stated, that the introduction of pit-coal has made it 
necessary to work with covered pots in order to avoid the discolouration of the materials, 
or that more alkali was required to compensate for the diminished heat in the covered 
pots. They are not now covered when pit-coal is used, and the same success is ob- 
tained as heretofore by leaving the materials two or three hours longer in the pots and 
the cuvettes. The construction of the furnaces in which coal is burned is the same 
as that with wood, with shght modifications. Instead of the close bottomed hearth of 
the wood furnace, there is an iron grate in the coal-hearth through which the air 
enters, and the waste ashes descend. 

When billets of wood were used as fuel, they were well dried beforehand, by being 
placed a few days on a frame work of wood called the wheel, placed two feet above 
the furnace and its arches, and supported on four pillars at some distance from the 
angles of the hnilding. 

The progress of chemistry, the discovery of a good process for the manufacture of 
soda from sea salt, which furnishes a pure alkali of uniform power, and the certain 
methods of ascertaining its purity, have rendered this department of glass-making far 
more certain than formerly. At Saint-Gobain no alkali is employed except artificial 
crystals of soda, prepared at the manufactory of Channy, subsidiary to that estab- 
lishment. The first crop of soda crystals is reserved for the plate-glass manufac- 
ture, the other crystals and the mother-water salts are sold to the makers of inferior 
glass. 

If glass contains much lead it has a yellow tint. If manganese is present it changes 
by the action of light to a pale rose. Iron imparts a dull greenish tint ; therefore the 
proportions of all those materials should be adjusted with great care. 

At the mirror-plate works of Ravenhead, near St. Helen’s in Lancashire, soda crys- 
lak, from the decomposition of the sulphate of soda by chalk and coal, have been also 
tried, but without equal success as at Saiut-Gobain ; the failure being unquestionably 
due to the impurity of the alkali. Hence, in the Engl.sh establishment, the soda is ob- 
tained by treating sea-salt with pearl-ash, whence carbonate of soda and muriate of 
jmtash result. The latter salt is crystallised out of the mingled solution, by evapora- 
tion at a moderate heat, for the carbonate of soda does not readily crystallise till the 
temperature of the solution fall below 60° Fahr. When the muriate of potash is thus 
removed, the alkaliue carbonate is evaporated to dryness. 

Long experience at Saint-Gobain has proved that one part of dry carbonate of soda 
is adequate to vitrify perfectly three parts of fine siliceous sand, as that of the mound 
of Aumont near ^enlis, of Alum Bay in the Isle of Wight, or of Lynn in Norfolk. It 
is also known that the degree of heat has a great influence upon the vitrification, and 
that increase of temperature will compensate for a certain deficiency of alkali ; for it is 
certain that a very strong fire always dissipates a good deal of the soda, and yet the glass 
is not less beautiful. The most perfect mirror-plate has constantly afforded to M. Vau- 
quelin, in analysis, a portion of soda inferior to what had been employed in its forma- * 
tion. Hence, it has become the practice to add, for every 100 parts of cullet or broken 
plate that is mixed with the gl^ composition, one part of alkali, to make up for the 
loss that the old glass must have experienced. 

To the above mentioned proportions of sand and alkali, independently of the cullet 
which may be used, dry slaked lime carefully sifted is to he added to the amount of 
one seventh of the sand ; or the proportion will be, sand, 7 cwt. j quicklime, 1 cwt. ; 
dry carbonate of soda, 2 cwt. and 37 lbs. ; besides cullet. The lime improves the quality 
of the glass ; rendering it less brittle and less liable to change. The preceding quan- 
tities of materials, suitably blended, have been uniformly found to afford most advan- 
tageous results. The practice formerly was to dry that mixture, as soon as it was 
made, in the arch for the materials, but it has been ascertained that this step may be 
dispensed with, and the small portion of humidity present is dissipated almost instantly 
after they are thrown into the furnace. The coat of glaze previously applied to the 
inside of the pot, prevents the moisture from doing them any harm. For this reason, 
when the demand for glass at Saint-Gobain is very great, the materials are neither 
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fritted nor even dried, but shovelled directly into the pot ; this is called founding raw» 
Six workmen are employed in shovellingdu the materials either fritted or otherwise, 
for the sake of expedition, and to prevent the furnace getting cooled. One-third of 
the mixture is introduced at first ; whenever this is melted, the second third is thrown 
in, and then the last These three stages are called the first, second, and third fusion 
or founding. 

According to the ancient practice, the founding and refining were both executed in 
the pots, and it was not till the glass was refined, that it was laded into the cuvettes, 
where it remained only 3 hours, the time necessary for the disengagement of the air 
bubbles introduced by the transvasion, and for giving the metal the proper consistence 
for casting At present, the period requisite for founding and refining is equally 
divided between the pots and the cuvettes. The materials are left 16 hours in the pots, 
and as many in the cuvettes ; so that in 32 hours, the glass is ready to be cast During 
the last two or three hours, the fireman or tiseur ceases to add fuel ; all the openings 
are shut, and the glass is allowed to assume the requisite fluidity j an operation called 
stopping the glass, or performing the ceremony^ 

The transfer of the glass into the cwueWes, is called lading (^trejetage'). Before this is 
done, the cuvettes are cleared out, that is, the glass reaming on their bottom is re- 
moved, and the ashes of the firing. They are lifted red hot out of the furnace by the 
method presently to be described, and placed on an iron plate, near a tub filled 
with water. The workmen, by means of iron paddles 6 feet long, flattened at one end 
and hammered to an edge, scoop out the fluid glass expeditiously, and throw it into 
water; the cuvettes are now returned to the furnace, and a few minutes afterwards the 
lading begins. 

In this operation, ladles of wrought iron are employed, furnished with long handles, 
which are plunged into the pots through the upper openings or lading holes, and 
immediately transfer their charge of glass into the backets. Each workman dips his 
ladle only three times, and empties its contents into the cuvette. By these three 
immersions (whence the term trejeter is derived), the large iron spoon is heated so much 
that when plunged into a tub full of water, it makes a noise like the roaring of a lion, 
which may be heard to a very great distance. 

The founding, refining, and ceremony being finished, they next try whether the glass 
he ready for casting. With this view, the end of a rod is dipped into the bucket, which 
is called drawing the glass ; the portion taken up being allowed to run off, naturally 
assumes a pear-shape, from the appearance of which they can j udge if the consistence 
be proper, and if any air bubbles remain. If all be right, the cuvettes are taken out of 
the furnace, and conveyed to the part of the halle where their contents are to be poured 
out. This process requires peculiar instruments and manipulations. 

Casting. — While the glass is refining, that is, coming to its highest point of perfec- 
tion, preparation is made for the most important process, the casting of the plate, wh<^ 
success crowns all the preliminary labours and cares. The oven or car^uaise destined 
to receive and anneal the plate, is now heated by its small fire or iisar to such a pitch 
that its sole may have the same temperature as that of the plates, being nearly red- 
hot at the moment of their being introduced. An unequal degree of beat in the 
carquaise would cause breakage of the glass. The casting table is then rolled towards 
the fhmt door or throat, by means of levers, and its surface is brought exactly to the 
level eff the sole of the oven. 

The table T^fig. 905, is a mass of bronze, or now preferably cast-iron, about 10 feet 
long, 5 feet broad, and from 6 to 7 inches thick, supported by a frame of carpentry , 
which rests on three cast-iron wheels. At the end of the table opposite to that next to 
the front pf the oven, is a very strong frame of timber-work, called the puppet or 
standard, upon which the bronze roller which spreads the glass is laid, before and 
after the casting. This is 5 feet long by 1 foot in diameter ; it is thick in the metal 
but hollow in the axis. The same roller can serve only for two plates at one casting, 
when another is put in its place, and the first is laid aside to cool ; for otherwise the 
hot roller would, at a third casting, make the plate expand unequally, and cause it to 
crack. When the rollers are not in action, they are laid aside in strong wooden trestles, 
like those employed by sawyers. On the two sides of the table in the line of its length, 
are two parallel bars of bronze, f, f, destined to support the roller during its passage 
from end to end ; the thickness of Uiese bars determines that of the plate. The table 
being thus arranged, a crane is had recourse to for lifting the cuvette, and keeping it 
suspended, till it be emptied upon the table. This raising and suspension are effected 
by means of an iron gib, furnished with pulleys, held horizontally, and which turns with 
them. 

The tongs, T,fig. 905, are made of four iron bars, bent into a square fAme in their 
middle, for embracing the bucket Four chains proceeding from the corners of the 
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frame v, are united at their other ends into a ring which fits info the hook of the crane. 
Things being thus arranged, ^ the workmen of the foundry co-operate in the manipu- 



lations of the casting. Two of them fetch, and place quickly in front of one of the lower 
openings, the small cuvette-carriage, which bears a forked bar of iron, having two 
prongs corresponding to the two holes left in the fire-tile door. This fork, mounted 
on the axle of two cast-iron wheels, extends at its other end into two branches ter- 
minated by handles, by which the workmen move the fork, lift out the tile stopper, 
and set it down against the outer wall of the furnace. 

The instant these men retire, two others push forward into the opening the extre- 
mity of the tongs-carriage, so as to seize the bucket by the girdle or rather to clamp 
it. At the same time, a third workman is busy with an iron pinch or long chisel, 
detaching the bucket from its seat, to which it often adheres by some spilt glass ; 
whenever it is free, he withdraws it from the furnace. Two powerful branches of 
iron united by a bolt, like two scissor blades, which open, come together, and join by 
a quadrant near the other end, form the tongs-carriage, which is mounted upon two 
wheels like a truck. 

The same description will apply almost wholly to the iron-plate carriage, on which 
the bucket is laid the moment it is taken out of the furnace ; the only difference in its 
construction is, that on the bent iron bars which form the tail or lower steps of this 
carriage (in place of the tongs) is permanently fastened an iron plate, on which the 
bucket is placed and carried for the casting. 

Whenever the cuvette is set upon its carriage, it must be rapidly wheeled to its station 
near the crane. The tongs x above described are now applied to the girdle, and are 
then hooked upon the crane by the suspension chains. In this position the bucket is 
skimmed by means of a copper tool called a sabre, because it has nearly the shape of 
that weapon. Every portion of the matter removed by the sabre is thrown into a 
copper ladle {poclie de gamin'), which is emptied from time to time into a cistern of 
water. After being skimmed, the bucket is lifted up, and brushed very clean on its 
sides and bottom ; then by the double handles of the suspension-tongs it is swung 
round to the table, where it is seized by the workmen appointed to turn it over ; the 
roller having been previously laid on its ruler bars, near the end of the table which is 
in contact with the annealing oven. The cmetle-men begin to pour out .towards the 
right extremity E of the roller, and terminate when it has arrived at the lefUextremity 
D. While preparing to do so, and at the instant of casting, two men place within the 
ruler-bar on each side, that is, between the bar and the liquid glass, two iron instru- 
ments called hands, mm, mm, which prevent the glass from spreading beyond the 
rulers, whilst another draws along the table the wiping bar c c, wrapped in linen, to 
remove dust, or any small objects which may interpose between the table and the 
liquid glass. 

Whenever the melted glass is poured out, two men spread it over the table, guiding 
the roller slowly and steadily along, beyond the limits of the glass, and then run it 
smartly into the wooden standard prepared for its reception, in place of the trestles v V. 

The empty bucket, while still red-hot, is bung again upon the crane, set on its plate- 
iron carriage, freed from its tongs, and replaced in the fiimace, to be speedily cleared 
out anew, and charged with fresh fluid from the pots. If, while the roller glides along, 
the two workmen who stand by with picking tools perceive tears in the matter in ad- 
vance of the roller, and can dextronsly snatch them out, they are suitably rewarded, 
according to the spot where the blemish lay, whether in the centre, where it would 
have proved most detrimental, or near the edge. These tears proceed usually from 
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small portions of semUvitrified matter whicli fall from the vault of the furnace, and 
from their density occupy the bottom of the cuvettes. 

While the plate is still red-hot and ductile, about 2 inches of its end opposite to the 
carquaise door is turned up with a tool ; this portion is called the head of the mirror; 
against the outside of this head, the shovel, in the shape of a rake without teeth, is ap- 
plied, with which the plate is eventually pushed into the oven, while two other work- 
men press upon the upper part of the head with a wooden pole, eight feet long, to 
preserve the plate in its horizontal position, and prevent its being warped. The plate 
is now left for a few moments near the throat of the carquaise^ to give it solidity j 
after which it is pushed further in by means of a very long iron tool, whose extremity 
is forked like the letter y, and hence bears that name ; and is thereby arranged in the 
most suitable spot for allowing other plates to be introduced. 

However numerous the manipulations executed from the moment of withdrawing 
the cuvette from the furnace, till the cast-plate is pushed into the annealing oveo, they 
are all performed in less than five minutes. 

When all the plates of the same casting have been pl^ed in the carquaise, it is 
sealed up ; that is to say, all its oridces are closed with sheets of iron, surround^ and 
made tight with plastic loam. With this precaution, t);ie cooling goes on slowly and 
equably in every part, for no cooling current can have access to the interior of the oven. 

After they are perfectly cooled, the plates are carefully withdrawn one after another, 
keeping them all the while in a horizontal position, till they are entirely out of the 
carquaise. As soon as each plate is taken out, one set of workmen lower quickly and 
steadily the edge which they hold, while another set raise the opposite edge, tUl tiie 
glass be placed upright on two cushions stuffed with straw, and covered with canvas. 
In this vertical position they pass through, beneath the lower edge of the plate, three 
girths or straps, each four feet long, thickened with leather in their middle, and ending 
in wooden handles ; so that oue embraces the middle of the plate, and the other two 
the ends. The workmen, six in number, now seize the handles of the straps, lift up 
the glass closely to their bodies, and convey it with a regular step to the warehouse. 
Here the head of the plate is first cut off with a diamond square, and then the whole is 
attentively examined, in reference to its defects and imperfections, to determine the 
sections which must be made of it, and the eventual size of the pieces. The parings 
and small cuttings detached are set aside, in order to be ground and mixed with the 
raw materials of another glass-pot. 

The apartment in which the ronghiog-down and smoothing of the plates is per- 
formed, is furnished with a considerable number of stone tables, truly hewn and placed 
apart like billiard tables, in a horizontal position, about 2 feet above the ground. 
They are rectangular, and of different sizes proportional to the dimensions of the 
plates, which they ought always to exceed a little. These tables are supported either 
on stone pillars or wooden frames, and are surrounded with a wooden board whose 
upper edge stands somewhat below their level, and leaves in the space between it and 
the stone all round an interval of 3 or 4 inches, of which we shall presently see the use. 

A cast plate, unless formed on a table quite new, has always one of its faces, the one 
next the table, rougher than the other ; and with this facing the rooghing-do^ begins. 
With this view, the smoother face is cemented on the stone table with Paris-plaster. 
But often instead of oue plate, several are cemented alongside of each other, those of 
the same thickness being carefully selected. They then take one or more crude 
plates of about one-third or one-fourth the surface of the plate fixed to the table, 
and fix it on them with liquid gypsum to the large base of a quadrangular truncated 
pyramid of stone, of a weight proportioned to its extent, or about a pound to the 
square inch. This pyramidal muller, if small sized, bears at each of its angles of the 
upper face a peg or ball, which the grinders lay hold of in working it ; but when of 
greater dimension, there is adapted to it horizontally a wheel of slight construction, 
8 or 10 feet in diameter, whose circumference is made of wood rounded so as to be 
seized with the hand. The upper plate is now rubbed over the lower ones, with 
moistened sand applied between. 

This operation is however performed by machinery. The under plate being fixed 
or imbedded in stucco, on a solid table, the upper one likewise imbedded by the same 
cement in a cast-iron frame, has a motion of circomrotation given to it, closely resem- 
bling that communicated by the human band and arm, moist sand being supplied 
between them. While an excentric mechanism imparts this double rotatory movement 
to the upper plate round its own centre, and of that centre round a point in the lower 
plate, this plate placed on a movable platform changes its position by a slow horizontal 
motion, both in the direction of its length and its breadth. By this ing^ious con- 
trivance, which pervades the whole of the grinding and polishing machinery, a re- 
markable regularity of friction and truth of surface is produced. When the plates arc 
sufficiently worked on one face, they are reversed in the frames, and worked together 



362 GLASS. 

on the other. The Paris plaster is usually coloured red, in order to show any defects 
in the gU^ 

The smoothing of the plates is effected on the same principles by the use of moist 
emery washed to successive degrees of fineness, for the successive stages of the ope- 
ration j and the polishing process is performed by rubbers of hat-felt and a thin paste 
of colcothar ind water. The colcothar, called also crocus, is red oxide of iron pre- 
pared by the ignition of copperas, with grinding and elutriation. 

The last part, or the polishing process, is performed by hand. This is managed by 
females, who slide one plate over another, while a little moistened putty of tin finely 
levigated is thrown between. 

Large mirror-plates are now the indispensable ornaments of every large and sump- 
tuous apartment ; they diffuse lustre and gaiety round them, by reflecting the rays of 
light in a thousand lines, and by multiplying indefinitely the images of objects placed 
between opposite parallel planes. For the process of silvering, see Mirrors. 

Bohemian glass. — M. Peligot states that the hard glass of Bohemia is composed of 
100 parts of silica, 12 parts of quicklime, and only 28 parts of carbonate of potash. 
These proportions give a glass quite unmanageable in ordinary furnaces ; but the ad- 
dition of a comparatively sma41 quantity of boracic acid is capable of determining 
fusion, and the result is a glass having all the requisite limpidity at a high temperature, 
and possessing at the same time a great brilliancy and hardness. 

The Bohemian glass is, within certain limits, perfectly elastic, and very sonorous ; 
when well made, it is sufficiently hard to strike fire with steel, and is scratched with 
difficulty. The lead glasses, on the other hand, have but little hardness, and less in 
proportion as they contain more oxide of lead ; besides which they rapidly lose their 
brilliancy by use. 

The silica which is employed in Bohemia in the manufacture of glass, is obtained by 
calcining crystalline quartz, and afterwards pounding it while dry. When the quartz 
has been heated to a cherry -red, it is withdrawn from the fire, and thrown imme- 
diately into cold water. 

Almost all the Bohemian glass is a potash glass, because soda and its salts give to 
^ass a sensible yellowish tint. The limestone which is used is as white as Carrara 
marble. The clay employed for the crucibles is very white, and consists of silica, 45^0 ; 
alumina, 40-]^, ; and water, l OyJ. 

The manufacture of glass in Bohemia is of very high antiquity, and the same pecu- 
liarities have always belonged to the true Bohemian manufacture. 

In our modern times the Bohemian glass has been more especially celebrated for 
the beautiful varieties of colours which are produced. See Glass, coloured. 

Venetian glass. ^ From an early date the city of Venice has been celebrated for 
its glass ; the reticulated glass, the crackle glass, and the glass paperweights, or mi7/e- 
fore, are all due to the Venetians. 

The manufacture of glass beads at Murano, near Venice, has been carried on for an 
indefinite period, and Africa and Asia have been supplied from their glass-houses. The 
process is most ingeniously simple. Tubes of glass of every colour, are drawn out to 
great lengths in a gallery adjoining the glass-house pots, in the same way as the more 
moderate lengths of thermometer and barometer tubes are drawn in our glass-houses. 
These tubes are chopped into very small pieces of nearly uniform length on the up- 
right edge of a fixed chiseL These elementary cylinders being then put in a heap 
into a mixture of fine sand and wood ashes, are stirred about with an iron spatula till 
their cavities get filled. This curious mixture is now transferred to an iron pan sus- 
pended over a moderate fire, and continually stirred about as before, whereby the 
cylindrical bits assume a smooth rounded form ; so that when removed from the fire 
and cfoared out in the bore, they constitute beads, which are packed in casks, and ex- 
ported in prodigious quantities to almost every country. See Gems, artificial. 

The manufacture of reticulated glass for which Venice was equally celebrated, was 
long lost ; it was at length revived by Pohl, and the crackle glass was in like manner 
reproduced by Mr. Apsley Pellattin 1851. 

The reticulated glass is produced by a kind of network consisting of small 
bubbles of air inclosed within the mass, and ranged in regular series crossing and 
interlacing each other. To produce this ornamental appearance, hollow glass cones 
or conical tubes are kept prepared, containing already this network arrangement of 
air bubbles. These tubes are made by arranging a number of small glass rods round 
a centre, so as to form a cylinder, and fixing them in this position by melted glass. 
The cylinder is then heated until the single rods stick together, when they are drawn 
out on the^pipe to a long cone, and spirally twisted at the same time, the one half to 
the right and the other to the left, when one of these hollow cones is inserted into 
the other, and tiie two are heated until they fuse together ; wherever the little rods 
cross each other a bubble of air will be inclosed, and this occurring in a very regular 
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manner, the reticulated appearance is produced. The Venetians were also cele-, 
brated for their “ filigree.” This glass has of late years been reintroduced in France 
and in this country. The process of manufocture has been thus described by Mr. 
Apsley Pellatt, in his Curiosities of Glass Manufacture : — 

“ Before ornaments or vessels can be blQWa, small filigree canes, with white or 
variously coloured enamels must be drawn; 'These are first ‘whett^’ off to the 
required lengths, and then put into a cylindrical mould with suitable internal 
recesses, and both cane and mould are thus submitted to a moderate heat. The se- 
lection of the colour of the canes depends upon the taste of the manufacturer : two to 
four white enamel canes are chiefly used, alternately, with about half the number of 
coloured. The blower then prepares a solid hall of transparent flint glass, which being 
deposited in contact with the various canes, at a welding heat, occasions them to 
adhere. This solid hall is then taken from the mould, is reheated, and *marvered* 
till the adhering projecting ornamental canes are rubbed into one uniform mass ; 
the ball is next covered with a gathering of white glass, which must then be drawn 
to any size and length that may he required. Should a spiral cane be preferred, the 
‘ pucellas ’ holds the apex in a fixed position, while the ornamental mass, still adhering 
to the glass maker’s iron, is revolved during the process, till the requisite twist 
is given. Where vases are formed of alternately coloured and enamelled filigree 
canes, the above process is repeated, and the usual mode of blowing is followed.” 

The Venetian ball is a collection of waste ^pieces of filigree glass conglomemted 
together without regular design : this is packed into a pocket of transparent glass, 
which is adhesively collapsed upon the interior mass by sacking np, producing out- 
ward pressure of the atmosphere. 

Millefiorey or star work of the Venetians, is similar to the last, only, the lozenges of 
glass are more regularly placed. 

The Vitro di Trmo of the Venetians is similar to the filigree in many respects ; hut 
by closing an outer on the inner case, each containing filigree canes, a bubble of air is 
inclosed between each crossing of the canes. 

The celebrated frosted glass of the Venetians was reintroduced by Mr. Apsley 
Pellatt in 1851, who thus describes the process of manufacture: — “Frosted glass, 
like Vitro di Trino^ is one of the few specimens of Venetian work not previously 
made by the Egyptians and the Romans ; and not since executed by the Bohemian 
or French glass makers. The process of making it, until recently practised at the 
Falcon Glass Works, was considered a lost art. Frosted glass has irregularly varied 
marbledike projecting dislocations in its intervening fissures. Suddenly plunging hot 
glass into cold water, produces crystalline convex fractures, with a polished exfonor, 
like Derbyshire spar ; but the concave intervening figures are caused, first by chilling, 
and then reheating at the furnace, and simultaneously expanding the reheated ball of 
glass by blowing ; thus separating the crystals from each other, and leaving open 
figures between, which is done preparatory to forming vases or ornaments. Although 
frosted glass appears covered with fractures, it is perfectly sonorous.” 

GLAS^, COLOURED. Most of the metallic oxides impart a colour to glass, and 
some non>meta]lic, and even some substances derived from the organic kingdom have 
the power of imparting permanent colours to the vitreous combinations of flint and 
potash. There is much in this subject which still requires examination. M. 
Bontemps, at the meeting of the British Association at Birmingham, brought for- 
ward some very extraordinary facts in connection with the colouring powers of 
different bodies. Of his communication the following is an abstract. 

In the first place it was shown, that all the colours of the prismatic spectrum might 
he given to glass by the use of the oxide of iron in varying proportions, and by the 
agency of different degrees of heat : the conclusion of the author being, that all the 
colours are produced in their natural disposition in proportion as you increase the 
temperature. Similar phenomena were observed with the oxide of manganese. 
Manganese is employed to give a pink or purple tint to glass, and also to neutralise 
the slight green given by iron and carbon to glass in its man^acture. If the glass 
coloui*ed by manganese remains too long in the melting-pot or the annealing-kiln, 
the purple tint turns first to a light brownish rerf, then to yellow^ and afterwards to 
green. White glass, in which a small proportion of manganese has been used, is liable 
to become light yellow by exposure to luminous power. This oxide is also, in certain 
window glass, disposed to turn pink or purple under the action of the sun's rays. 
M. Bontemps has found that similar changes take place in the annealing oven. He 
has determined, by experiments made by him on polygonal lenses for M. Fresnel, 
that light is the agent producing the change mentioned : and the authoft expresses a 
doubt whether any change in the oxidation of the metal will explain the photogenic 
effect A series of chromatic changes of a similar character were observed with Ae 
oxides of copper, the colours being in like manner regulated by the heat to which 
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the glass was exposed. It was foimd that silver, althoogh with less intensity, exhibited 
the same phenomena ; and gold, although usually employed for the purpose of imparting 
varieties of red, was found by varying degrees of heating at a high temperature, 
and recasting several times, to give a great many tints, varying from blue to pink, 
red, opaque yellow, and green. Charcoal in excess in a mixture of silica-alkaline 
gla^ gives a yellow colour, which is not so bright as the yellow from silver ; and 
this yellow colour may be turned to a dark red by a second fire. The author is 
disposed to refer these chromatic changes to some modifications of the composing 
particles rather than to any chemical chwges in the materials employed. 

It is not possible in the present essay to enter into the minute details of this beau- 
tiful branch of glass mann^tnre. In the following statement the materials ordinarily 
employed to colour glass alone are named. 

Yeijx)W. Charcoal or soot is used for producing the commoner varieties of yellow 
glass. 

The glass of antimony, which is obtained by roasting sulphide of antimony until 
antimonions acid is formed, and melting it with about 5 per cent of undecomposed 
sulphide of the same metal. 

The antimoniate of potash, 2 preparation similar to James's powder, is stated to 
answer the same purpose. Bohemian glass is coloured yellow with glass of antimony, 
minium, and oxide of iron. 

Silver imparts a very beantifnl yellqw colour to glass ; but it requires some caution 
in its mode of application. It is believed, that the presence of alumina is necessary 
to the production of colour, since a fine yellow cannot be produced unless alumina 
be present. A mixture of powdered clay and chloride of silver is prepared, and 
spread upon the surface of the glass ; the glass is then reheated and the silver pene- 
trates to a certain depth into the glass, before the latter softens. The coating is then 
scraped off and the fine yellow colour appears. If the silver yellow glass is held 
over the flame of burning wood, a peculiar opalescence is produced upon the surface, 
probably by the oxidation of the silver. 

Uranium produces the beautiful canary yellow, which is found ^ many articles of 
an ornamental kind. This glass possesses the very peculiar property of giving a 
green colour when it is looked at, although perfectly and purely' yellow when looked 
through. This has been attributed to the presence of iron in the commercial oxide of 
uranium employed ; but the purer the uranium is, the more beautifully will this 
phenomeuon be brought out. It depends upon a very remarkable physical peculiarity 
belonging to uranium and some other bodies. See Flcobescence. 

Bed. a common brownish red colour is produced in glass by oxide of iron, added 
as ochre,or in the state of pure peroxide. Mnllerfound ancient red glass to contain silicic 
acid, alkalies, lime, magnesia, alumina, protoxide of iron, and suboxide of copper. 

Copper is more generally employed in colouring glass red. The use of this metal for 
this purpose dates from very high antiquity, and all through the middle ages it was 
employed to produce the reds which we see in the fine old windows left by our ancestors 
for our admiration. The ancient Haematinone was a copper red glass. Suboxide 
of copper is used, either in the state of commercial copper scale, or it is prepared by 
heating copper turnings to redness. If, during the fusion of the glass in the pot, the 
suhKixide unites with an additional quantity of oxygen, green and not red is the result 
This b avoided by combining some reducing agent with the melted substance. Glass 
thus coloured does not exhibit its red colour on leaving the crucible ; it is nearly 
colourless, or with a tinge of green even when cold ; but if it is then heated a second 
time it assumes the red colour. H. Rose supposes that a colourless neutral or acid 
silicate of the sub-oxide of copper is farmed at a high temperature, and that the subse- 
quent softening of the glass at a lower temperature causes the decomposition of this 
compound and a separation of a portion of the sub-oxide. We believe that no such 
chemical change takes place, and that the alteration is due merely to a change in 
the molecular arrangementof the particles. The sub-oxide of copper possesses an intense 
colouring power, so great indeed that glass coloured with even a very small quantity 
is almost impermeable to light; hence it is usual merely to flash colourless glass with 
this coloured glass, that is, to spread a very thin film of it over the colourless surface. 
A process for colouring glass red after its manufacture with sulphide of copper has 
been introduced by Buford. 

Gold can according to circumstances be made to impart a ruby, carmine, or pink 
tint to glass. The purple of Cassius, was employed ; but Dr. Foss first showed that 
a mere solution of gold without the presence of tin, as in the salt named, & capable 
of prodncing^rose and carmine coloured glass. 

Similar changes to those already described with copper occur with the salts of 
gold. Perhaps the glass is colourless in the pot, and it then remains colourless when 
cold ; but when reheated, the glass quickly assumes a light red colour, which rapidly 
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spreads from the heated point over the whole glass, and increases in intensity until it 
becomes nearly a black red. This coloured, glass can be again rendered colourless 
by fusion and slow cooling ; its colour is again produced by a repetition of the heating 
process. If, however, it is suddenly cooled it cannot again be made to' resume its 
ruby colour. This is also an example confirmatory in the highest degree of the 
view, that no chemical change takes place ; but that all the phenomena are dne to 
alterations in molecular structure. The practice oi flashing colourless glass with the 
ruby glass from gold is commonly adopted. The beautiful examples of the Bohe- 
mian glass manufacture, in which we have a mixture of rich, ruby and the purest 
crystal, arc produced in this way. A globe of hot colourless glass is taken from the 
pot, and a cake of mby glass prepared with a composition called schmebze, is warmed 
and brought into contact with the melted globe j this ruby glass rapidly difiuses 
itself over the surface, and the required article is blown or moulded with a coating 
of glass, coloured ruby by gold, of any required thickness. 

Schmebze is prepared with 500 parts of silica, 800 of minium, 100 of nitre, and the 
same quantity of potash. A very small portion of a solution of gold in aqua regia is 
intimately mixed with 500 parts of schmebze, 43 parts of prismatic borax, 3 or 4 of 
oxide of tin, and a similar quantity of oxide of antimoffy. This mixture is heated for 
twelve hours in an open crucible placed in a flat furnace, and then cooled slowly in an 
annealing oven. A Bohemian ruby, especially so called, is prepared by melting to- 
gether fulminating gold rubbed in with oil of mrpentine, quartz powdered, and fritted 
minium, sulphide of antimony, peroxide of ma^anese, and potash. Bohme has given 
an analysis of a Venetian ruby glass, in which of a grain of gold is combined with 
about 1 50 of the ordinary ingredients of glass, with some tin and iron. 

Manganese is sometimes employed to give a fine amethystine colour to glass ; 
care is however required to prevent the reduction of the peroxide of manganese m the 
process. 

Green. Green colours may be obtained by a variety of metallic oxides. Protoxide 
of iron imparts a dull green ; an emerald green colour is given by oxide of copper. 
Either copper scales or verdigris dried and powdered are employed, the colour ^ing 
much finer with a lead glass, than with one containing no lead. Translucent or dull 
glass is converted into a deep blue or turquoise colour by oxide of copper and not 
into a green. An emerald green is also produced by the oxide of chromium. Two kinds 
of Bohemian gr4%n glass, known respectively as the ancient and modem emerald 
greens, are prepared from mixtures of the oxides of nickel and of uranium. 

Blue. The only fine blue is produced by cobalt. The manufacture of small or 
zaffre is so important that it will be treated of in a separate article. See Shxlt and 
Cobalt. 

Brown. Peroxide of manganese with zafire yields a fine gamet-like brown. 

Fink or Flesh Colour. Oxide of iron and alumina, obtained by beating a mixture 
of alum and green vitriol. 

Oranob. Peroxide of iron with chloride of silver. 

Jasper. A Bohemian glass, generally black, but of fine lustre, prepared by adding 
forge scales, charcoal, and bone ashes to the ordinary materials for glass. 

Amongst the different varieties of glass, artificial gems may be enumerated. For a 
description of their manufacture, see Gehs, Artificial. 

GLASS, its physical conditions and chemical constitution. — So far as may be in- 
ferred, from the analysis of ordinary conpnercial samples of window-glass, this substance 
has not only a very variable composition, but, worse than this, it is out of all keeping 
with anything like definite proportion. That it should be full of strise, and, therefore, 
refract the rays of light unequally, as it does, so as to produce the most hideous ap- 
pearances of distortion, is a mere natural consequence of its mechanical composition, 
which might, and must one day be corrected ; but that whole nations shoidd have 
come to view this defect as an unavoidable peculiarity, is precisely one of those sur- 
prising facts which demonstrate the influence of habit over the powers of the mind, 
and show how easily human reason can reconcile itself to the most gross inconrist- 
encies. If window-glass had one uniform atomic composition, the tendency to form 
these strim would nowhere exist in excess ; and, therefore, Aeir production would 
diminish as the skill of the workmen increa^ ; but, with the present variable com- 
pound, the glass stretches unequally in different parts, by an equal application of 
force, and, in spite of human skill, presents a result alternately thick or thin, as ac- 
cident determines. That these stri® have not the same composition as the parts sur- 
rounding them is very obvious, from the circumstance that, if striated glass be cut to 
an uniform thickness, and polished on both sides, the optical defects remlin but little, 
changed, and occasionally they are found to be increased. Again it is known, that 
the more complex the com^ition of any glass may be, the greater the liability to this 
striated structure, — of wlflch flint glass offers an apposite illustration j for here, in 
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addition to the ordinary components of glass, the silicate of lead is saperadded. Now 
the specific gravity of silicate of lead is very high compared with that of silicate of 
soda, pota^, or lime ; hence, unless employed in the exact quantity to form a 
chemical crabination with the other silicates, a mere mechanical mixture is produced 
of very different densities throughout j and the product, under the action of light, dis- 
'^ays, permanently, that peculiar fugitive appearance seen when syrup and water, or 
alcohol and water, are mixed together ; that is to say, a series of curved lines are 
formed by the unequal refraction of the two fluids, which entitely disappear, so soon 
as perfect admixture has taken place, but which remain in the case of flint-glasi^ s 
from the utter impossibility of effecting the necessary union between its various parts. 
Although, however, this cannot be done mechanically, yet, in a chemical way, nature 
performs such operations with ease and unerring fidelity. The French chemist, 
Berthier, lot% ago proved that many neutral salts combine together by fusion in 
atomic proportions, and form new and definite compounds. Thus, carbonate of potash 
and carbonate of soda when mixed, atom for atom, unite and produce a compound 
more easy of fusion than the most fusible of the two : — similarly, either of these car- 
bonates will act with carbonate of baryta or strontia, and "again, fluor-spar and 
sulphate of lime, two remarkafty infusible substances, when mixed, melt readily, at 
a low red heat into a fluid as mobile and tratjsparent as water. It is useless to mul- 
tiply examples of this kind, for thousands exist ; and the alkaline and earthy silicates 
form no exception to this tdmost nnivqj^l rule. A mixture of silicate of potash and 
silicate of soda will, if in atomic ratios, fuse much more readily than either of them 
alone. But now, let ns imagine an attempt to fuse these two bodies together, in any 
other proportion than that in which they are naturally disposed to combine ; — say 
that the silicate of soda is in excess ; then the silicate of potash would unite with 
exactly sufficient of the silicate of soda to produce the extremely fusible compound 
above spoken of ; whilst the less easily fusible silicate of soda, added in excess, would 
form a kind of network throughout the mass. It may be said, that a higher heat 
would overcome this difficulty, by thoroughly liquefying the silicate of soda j and this 
is really the plan now used with that view; but, independent of the fact that the 
mixed silicate of potash and soda would also undergo a correspondin|f.,liquefaction, 
and, therefore, favour the separation of the silicate of soda ; yet, as chemical union is 
impossible, from the very conditions of the experiment, even the most perfect me- 
chanical mixtnre, under the greatest advantages of fluidity, would never generate a 
homogeneous body. The striae might, indeed, be diminished in size i but this would 
imply a corresponding increase in their number ; and, if carried very far, complete 
opacity would result from such an endeavour to subvert the laws of nature. The 
power of the workmen to remedy this defect is therefore limited to the capability of 
modifying its more salient features ; he can neither remove nor destroy it. What 
we have here illustrated by the simplest of all assumptions, gathers and accumulates 
into a formidable evil when several silicates are fused together, having considerable 
differences of specific weight. Thus, in the ease of flint-glass before alluded to, there 
are generally three, and sometimes five, of these silicates fused together, into, pro- 
bably, one of the most antagonistic compounds that could be conceived, refracting and 
dispersing the ray of light in fifty directions, and demonstrating the unfriendly 
nature of its coerced union, by flying in pieces from the most trivial applications of 
heat or violence. Yet in flint-glass we are not surpassed, nor indeed equalled, by 
any other nation ; and so thoroughly has this beautiful substance become associated 
with our industrial reputation, that the British name, flint-glass, has been adopted into 
several continental languages. Nevertheless, it cannot be doubted that a wide field of 
improvemeut is open in this quarter, and that some more solid foundation is needed by 
our manufacturers in this line, than the prestige of a name, or the force of capital. 

In France, as in England, the ingredients are mixed with some care, and intro- 
duced into a crucible, heated by a powerful furnace. These ingredients are sand or 
silica, carbonate of soda, and carbonate of lime, with perhaps a little ground felspar in 
some cases. The carbonate of soda is first attacked by the silica, and its carbonic acid 
driven off, whilst the remaining silica and carbonate of lime become imbedded in the 
vitrifying mass. As the heat increases, a more perfect fusion takes place j and then 
the carbonic acid of the carbonate of lime makes its way through the fused materials 
by which they are mechanically mingled together during the effervescence, which is 
technically termed the “ boil ; ” and, provided no after separation ensues from the 
process of “ settling,” the whole crucible or “pot ” of glass will have a uniform com- 
position. But, as we have seen, this depends altogether upon the relative proportion 
.of the matcfials towards each other, for an excess of either one or other of the bases 
will destroy the homogeneous character of the whole, and introduce a plexus of striae. 
Now the plate-glass of St. Gobain is almost exactly an atomic compound, and consists 
of one atom of the trisilicate of soda and one atom of the trisilicate of lime, with a 
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small percentage of alumina. The union is therefore complete ; and irhen it is re- 
membered that the celebrated French chemist, Gay-Lussac, ^as regularly employed 
as an adviser to this company, and that his son, M. Jules Lussac, retains that ap- 
pointment to this day, it is not very surprising that our manufacturers are Hefeated in 
the article of plate-glass. Science must ever take the lead of prejudice and custom. 

The examination of English plate-glass fully corroborates the general result deduced 
from the action of light. There is no approach to an atomic arrangement. The 
principal constituent is trisilicate of soda, but variable quantities of lime, %lnmma, 
« even magnesia, exist in it. Potash is sometimes present, and oxide of iron is 
“ inv&riably so ; but in not one single instance, out of 17 samples examined with great 
care, could so much as a surmise of the doctrine of combining proportions be gathered 
from the result of the analyses. Similarly fruitless was a research instituted upon flint- 
glass, both British and foreign. Of 35 samples analysed, no satisfactdiy evidence 
could be adduced to favour the opinion that science had been a helpmate to industry, 
or was at all concerned in this branch of manufacture. There are, however, some 
points of vast interest associated with the practical working out of this matter. Potash 
is known to give a more brilliant and harder glass than soda, and alumina seems to 
tend in the same direction. The Bohemian glass, so celebrated throughout Europe, is 
a glass of this description, and contains silicate of alumina, silicate of lime, and silicate 
of potash, but not in chemical proportit^s. This glass is therefore striated, but it 
seems to permit of a more perfect decoration by metallic oxides than can be de- 
veloped in glass of lime and soda. This vei^ probably depends upon the alumina 
contained in it. From some singular oversight, the use of carbonate of baryta has not 
yet found its way into the composition of glass, though we can scarcely conceive a 
more hopeful material. This substance may be had in large quantity in the North of 
England, of great purity, and at a merely nominal cost as compared with its value 
for such a purpose as glass-making. That it would fuse readily wkh a due amount 
of soda, and give “ a boil” as well as cbalk, there can be no doubt ; whilst its great 
density will certainly improve the refractive power of the resulting product, and thus 
rival the brilliancy of lead or flint-glass, without imparting that softness and liability 
to receive scratches which are so objectionable in the latter variety. One difRculty 
may perhaps inside in the want of information concerning the quantity to be em- 
ployed. But this is easily adjusted; for it has been demonstrated that, during vitri- 
fication, the silicic acid unites to bases in the proportion of three atoms to one : 
consequently three atoms, or 138 parts, will always require one atom of each base. 
Therefore, this weight of good dry sand may he set against 54 of dry eprbonate of 
soda, 70 of carbonate of potash, 50 of pure marble or chalk, 99 of carbonate of baryta, 
and 112 of oxide of lead or litharge. Suppose, then, that the object is to employ 
carbonate of baryta for the first time, here 6 atoms or 276 parts of sand, 1 atom or 54 
parts of dry carbonate of soda, and 1 atom or 99 parts of carbonate of Iraryta, may be 
mixed and fused together with every prospect of obtaining a good rcsnlt ; or 9 atoms 
of silica, 1 of carbonate of potash, 1 of carbonate of soda, and 1 of carbonate of baryta, 
might be tried without fear of f^ure. Again, in the case of flint-glass, 112 of 
litharge, 54 of soda, and 276 of sand, would probably succeed, or an additional atom 
of trisiiicate of potash might be used. For many years past, M. Dumas, now, perhaps, 
the first chemist in France, has been in the habit of demonstrating to his pupils that 
glass of all kinds, when properly made, must necessarily he an atomic compound ; 
and yet we scarcely expect to find a single British glassmaker who will admit that 
his art is susceptible of such decisive and beautiful simplification. 

To assist as far as we can in the attainment of this end, we shall proceed to describe 
a simple means for the analysis of glass, which will enable any person, possessed of 
even very trifling chemical skill, to determine the composition of any given sample of 
glass in a comparatively short time. From the nature of the material, it becomes ne- 
cessary to divide the analysis into two distinct portions; one oi which has for 
object the estimation of its alkaline ingredients, the other that of the earthy, metallic, 
and siliceous matters. Having heated a sufficient quantity of the sample in qu^tion 
to dull redness, it must be suddenly thrown, whilst still hot, into a basin containing 
cold water. In this way it becomes cracked and flawed in all directions, so as to 
favour its reduction into powder. When dry it *must, therefore, be carefully ground 
in an agate or steel mortar, until it has the appearance of fine flour. Nor is it a 
matter of indifference whether this takes place in contact with water or not ; for glass 
in this extreme state of comminution, readily gives up a part of its alkali to water; 
and hence, if ground in the presence of that fluid, the resulting analysis "WObM prove 
incorrect. But we will suppose that a quantity of finely powdered glass tkslfeea ob- 
tained as above indicated, and the amount of its alkali is desired j then weigh <mt 
100 grains of the glass, and carefully mix with it 200 grains of pure flaor spar in m 
similarly powdered condition. Place the mixture in a platinum or leaden vessel, MkI 
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poor over it 500 gnuos of strong sulphuric acid, — stirring the whole well together 
with a silver spoon, hut taking care not to remove any portion of the materials. 
Next, apply a heat of about 212® Fahr. ; and as the process draws to a conclusion, 
Uiis may be rmsed as high as 300®. When all evolution of gaseous fumes has ceased, 
water may be poured on the residuary mass to the extent of four or five ounces, and 
the mixture thrown on a filter. After the clear fluid has passed through, a little more 
w^ermustbe added to the filter, so as to wash out the whole of the soluble matter; 
these wAhings being joined to the original clear fluid, which consists of sulphate of 
soda or potash, or &tb, with a quantity of sulphate of lime, and perhaps also of 
magnesia and alomina. To this an excess bf carbonate of ammonia must now be 
added, to admit of the separation of the earthy salts being effected by filtration. The 
clear solution is next boiled down to drj ness, and the residue is heated red-hot for a 
minute or two. This residue is the soda or potash, or both, formerly contained in 
100 grains of the glass, but now united to sulphuric acid. Having ascertained its 
weight, the relative proportions of potash and soda may be found by testing its con- 
tent of snlpburic acid with a barytic solntion, and calculating the result by the well- 
known Archimedean equation ; or by dissolving the mixed salt in a small quantity of 
water, and, affer adding an extiess of tartaric acid, leaving the whole for a few hours 
covered up in a cool place. Almost the whole of the potash will separate in this way 
as hitartrate of potasliu Tile quantity of alkali maybe determined from the atomic 
constitution of &ie alkaline salts. Thus, supposing the dry residue altogether com- 
posed of sulphate of soda, then as 72 grains of it indicate 32 of pure soda, the result 
may he obtained by the rule of proportion. The amount of alkali being known, 
another portion of the powdered glass must be employed for ascertaining the re- 
mainder of the ingredients. That is to say, 100 grains of the sample must be mixed 
with 200 grains of pure potash, and the whole fused together in a silver crucible, at a 
red'heat, until perfect liquefaction ensues, when the crucible and its contents may be 
withdrawn from the fire, and, as soon as cool enough, boiled in half a pint of pure 
water, so as thoroughly to dissolve the fused mass from the crucible. An excess of 
nitric acid being poured into the solution, the mixture is then evaporated to dryness, 
by which means the silicic acid is rendered insoluble ; consequently, on the applica- 
tion of water, this remains, and may he dried and weighed, whilst the lime, alumina, 
and lead of the glass may he separated from the soluble portion by the addition, first, 
of sulphuretted hydrogen, which separates the lead, then of ammonia, which throws 
down the alumina, and, next, by pouring in carbonate of ammonia, which precipi- 
tates the lime as a carbonate. Thus, therefore, the alkaline matters are found by one 
process, and the sUica, earthy, and metallic constituents by another, both of which may 
be conducted at the same time. It has been recommended to employ carbonate of 
baryta in the analysis of glass ; but the high temperature required with this sub- 
stance dissipates a portion of the alkaline components, and thus leads to serious errors. 
Even mere fusion in a glass furnace expels soda from glass, and renders it more and 
more infusible ; but this expulsion is much favoured by the presence of baryta. The 
above method of analysing glass is, therefore to be preferred to the baryta plan, by 
individuals not habitually engaged in manipulative chemistry.— f/re. 

G\*kSS for hoTticultural purposes, — An impression taken up loosely in the first in- 
stance from some experiments on the action of the chemical rays of light, when 
made to permeate coloured glass, has led the public frequently to conceive that 
glasses which admitted freely the chemical rays were the most adapted to accelerate 
the growth of plants. No more mistaken view was ever entertained. At different 
perils in the life of a plant different influences are necessary ; at one time the 
chemical force is required, at another thelominons power, and at another the calorific 
agent. The solar rays, as we receive them direct from the sun, have those forces 
exactly adjusted to produce the best possible conditions; but under some of the artificial 
conditions in which we place plants, it is important to know the conditions of tbe solar 
rays best suited to produce a given effect This we must briefly attempt to explain : — 

1. Seeds germinating absorb oxygen, and convert their starch into sugar ; this is a 
purely chemical process, and demands the full power of the chemical rays (actinisni), 

2. Wood forming, from the decomposition of carbonic acid, is a function of the 
vital power of the plant, excited by light (luminous foTce\ 

3. Flowering and fruiting manifest compound actions, and appear to demand the 
combined power of heat (calorifc power^ and of the chemical rays. 

Such are the three chief conditions in the phenomena of vegetable growth. Now 
a, a glass stained blue with cobalt admits the permeation of the chemical rays with 
great freedtsm, obstructing both light and heat ; 6, a glass stained yellow with silver, 
will powerfully obstruct the chemical rays, and allow the luminous rays to pass freely ; 
c, deep copper or gold red glasses admit the maximum heat rays to pai^ freely, and 
in general ilow of the permeation of a small quantity of the chemical rays. 
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When seed is placed in the soil to germinate, a blue glass placed aboye the soil will 
greatly accelerate the process, the first leaves will appear above the soil, in many in- 
stances, days before they are seen when the seed is under the ordinary conditions in 
the soil ; but if a plant is allowed to grow under these circumstances, scarcely any 
wood is produced, but long succulent stalks are formed, with imperfect leaves. 

After germination has taken place, if the plant is brought under the influence of 
the rays permeating yellow glass (light separated to a considerable extent from the 
chemical power), wood is formed abundantly, and very healthy plants with dark 
leaves are produced. For the production of perfect flowers and fruit, the red glass 
named is the most effective. Plants ^growing in conservatories which have been 
glazed with the colourless German sheet glass, frequently suffer from scorching. T.o 
avoid this if possible, the editor of this volume was consulted on the glass which 
should be employed in glazing the great palm house at Kew, the problem being to 
avoid the necessity of blinds, and to secure the plants from the injurious action ot the 
scorching rays. By a long series of experiments it was determined that gl^s 
stained green w ith a little of the oxide of copper, and from which there was an entire 
absence of the oxide of manganese, entirely effected this end. The great palm house 
in the Royal Botanic Gardens at Kew was glazed wnJh glass made on this principle, 
by the Messrs. Chance Brothers and Co. of Birmingham, and it has now been tested 
by the sunshine of twelve summers (1859); and the plants, as every one may ob- 
serve, grow most luxuriantly, and are entirely free from any indications of scorching 
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on their leaves. _ 

GLASS CUTTING AND GRINDING, for common and optical purposes. By 
this mechanical process the surface of glass may be modified into almost any orna- 
mental or useful form. 

1. 'The grinding of crystal ware. This kind of glass is best adapted to recel^e 
polished facets, both on account of its relative softness, and its higher refractive power, 
which gives lustre to its surface. The cutting shop should be a spacious long apart- 
ment, furnished with numerous skylights, having the grinding and polishing lathes 
arranged right under them, which are set in motion by a steam-engine or water-wheel 
at one end of the building, A shaft is fixed as 
usual in gallowses along the ceiling; and from 
the pulleys of the shaft, bands descend to turn the 
different lathes, by passing round the driving 
pulleys near their ends. 

The turning lathe is of the simplest construc- 
tion. Fig. 906, D, is an iron spindle with two well- 
turned prolongations, running in the iron puppets 
a a, between two concave boshes of tin or type 
metal, which may be pressed more or less to- 
gether by the thumb-screws shown in the figure. 

These two puppets are made fast to the wooden 
support B, which is attached by a strong screw and 

bolt to the longitudinal beam of the workshop a. ■ i_Li 

£ is the fast and loose pulley for patting the lathe 

into and out of geer with the driving shaft. The projecting end of the spindle is 
furnished with a hollow head-piece, into which the rod c is pushed tight. This rod 
carries the .cutting or grinding disc plate. For heavy work, this rod is fixed into 
the head by a screw. When a conical fit is preferred, the cone is covered with lead to 
increase the friction. 

Upon projecting rods or spindles of that kind the different discs for cutting the glass 
are made fast. Some of these are made of fine sandstone or polishing slate, from 8 to 
10 inches in diameter, and from J to ^ inch thick. They must be carefully turned and 
polished at the lathe, not only upon their rounded but upon their flat face, in order to 
grind and polish in their turn the flat and curved surfaces of glass vessels. Other discs 
of the same diameter, but only | of an inch thick, are made of cast tin truly turned, 
and serve for polishing the vessels previously ground ; a third set consists of sheet 
iron from | to | an inch thick, and 12 inches in diameter, and are destined to cut 
grooves in glass by the aid of sand and water. Small discs of well-hammered copper 
from to 3 inches in diameter, whose circumference is sometimes flat, and sometimes 
concave or convex, serve to make all sorts of delineations upon glass by means of 
emery and oil Lastly, there are rods of copper or brass famished with small hemi- 
spheres from 5 *, to i of an inch in diameter, to excavate round hollov^ m glass. 
AVooden discs are also employed for polbbing, made of white wood cut across the 
grain, as also of cork. 

The cutting of deep indentations, and of grooves, is usually performed by the iioii 
VoL. II. B B 
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disc, wUb sand and water, wliich are allowed constantly to trickle down from a wooden 
hopper placed right over it, and furnished with a wooden stopple or plug at the apex, 
to regulate by its greater or less looseness the flow of the grinding materials. The 
same effect may be produced by using buckets as shown in jig. 907. 
The sand which is contained in the backet F, above the lathe, has a 
spigot and faucet inserted near its bottom, and is supplied with a 
stream of water from the stopcock in the vessel o, which, together, 
running down the inclined board, are conducted to the periphery of 
the disc as shown in the figure, to whose lowest point the glass 
vessel is applied with pressure by the hand. The sand and water 
are afterwards collected in the tub h. Finer markings which are to 
remain without lustre, are made with the small copper discs, emery, 
and oil. The polishing is effected by the edge of the tin disc, which 
is from time to time moistened with putty (white oxide of tin) and 
water. The wooden disc is also employed for this purpose with 
putty, colcothar, or washed tripoU. For fine delineations, the glass 
is first traced over with some coloured varnish, to guide the hand of 
the cutter. • 

In grinding and facetting ciT^stal glass, the deep grooves are first 
cut, for example, the cross lines, with the iron disc and rounded edge, 
by means of sand and water. That disc is one sixth of an inch'thick 
and 12 inches in diameter. With another iron disc about half an 
inch thick, and more or less in diameter, according to the curvature 
of the surface, the grooves may be widened. These roughly cut parts must be next 
smoothed down with the sandstone disc and water, and then polished with the wooden 
disc about half an inch thick, to whose edge the workman applies, from time to time, 
a bag of fine linen containing some ground pumice moistened with water. When the 
cork or wooden disc edged with hat felt is used for polishing, patty or colcothar is ap- 
plied to it The above several processes in a large manufactory, are usually com- 
mitted to several workmen on the principle of the division of labour, so that each may 
become expert in his department 

2. The grinding of optical glasses. — The glasses intended for optical purposes being 
spherically ground, are called lenses ; and are used eitlier as simple magnifiers and 
spectacles, or for telescopes and microscopes. The curvature is always a portion of a 
sphere, and either convex or concave. This form insures the convergence or diver- 
gence of the rays of light that pass through them, as the polishing docs the brightness 
of the image. 

The grinding of the lenses is performed in brass moulds, either concave or convex, 
formed to the same curvature as that desired in the lenses ; and may be worked either 
by hand or by machinery. A gauge is first cut out of brass or copper plate to suit 
the curvature of the lens, the circular arc being traced by a pair of compasses. In 
this way both a convex and concave circular gauge are obtained. To these gauges 
the brass moulds are turned. Sometimes, also, lead moulds are used. After the two 
moulds are made, they are ground face to face with fine emery. 

The piece of glass is now roughed into a circular form by a pair of pincers, leaving 
it a little larger than the finished lens ought to be, and tlicn smoothed round upon the 
stone disc, or in an old mould with emery and water, and is next made fast to a hold- 
fast. This consists of a round brass plate having a screw in its back ; and is some- 
what smaller in diameter than the lens, and two thirds as thick. This is turned 
concave upon the lathe, and then attached to the piece of glass by drops of pitch ap- 
plied to several points of its surface, taking care, while the pitch is warm, that the 
centre of the glass coincides with the centre of the brass plate. This serves not merely 
as a holdfast, by enabling a person to seize its edge with the fingers, but it prevents 
the glass from bending by the necessary pressure in grinding. 

The glass must now be ground with coarse emery upon its appropriate mould, 
whether convex or concave, the emery being all the time kept moist with water. To 
prevent the heat of the hand from affecting the glass, a rod for holding the brass 
plate is screwed to its back. For every six turns of circular motion, it must receive 
two or three rubs across the diameter in different directions, and so on alternately. 
The middle point of the glass must never pass beyond the edge of the mould ; nor 
should strong pressure be at any time applied. Whenever the glass has assumed the 
shape of the mould, and touches it in every point, the coarse emery must be washed 
away, fine%be substituted in its place, and the grinding be continued as before, till all 
the scratches disappear, and a uniform dead surface be produced. A commencement 
of polishing is now to be given with pumice-stone powder. Daring all this time the 
convex mould should be occasionally worked in the concave, in order that both may 
preserve their correspondence of shape between them. After the one surface has 



GLOVE MANUF A CT URE. 37 1 

been thus finished, th€ glass must be turned over, and treated in the same way upon 
the other side. 

Both surfaces are now to be polished. With this view equal parts of pitch and resin 
must be melted together, and strained through a cloth to separate all impurities. The 
concave mould is next to be heated, and covered with that mixture in a fluid state to 
the thickness uniformly of one quarter of an inch. The cold convex mould is now to 
be pressed down into the yielding pitch, its surface being quite clean and dry, in order 
to give the pitch the exact form of the ground lens ; aud both are to be plunged into 
cold water till they be chilled. This pitch impression is now the mould upon which 
the glass is to be polished, according to the methods above described, with finely 
washed colcothar and water, till the surface become perfectly clear and brilliant. To 
prevent the pitch from changing its figure by the friction, cross lines must be cut in it 
about ^an inch asunder, and l-12th of an inch broad and deep. These grooves re- 
move all the superfluous parts of the polishing powder, and tend to preserve the 
polishing surface of the pitch clean and unaltered. No additional colcothar after the 
first is required in this part of the process, but only a drop of water from time to 
time. The pitch gets warm as the polishing advances, and renders the friction more 
laborious from the adhesion between the surfaces. No interruption must now be 
suffered in the work, nor must either water or colcothar be added ; but should the 
pitch become too adhesive, it must be merely breathed upon, till the polish be com- 
plete. The nearer the lens is brought to a true and fine surface in the first grinding, 
the better and more easy does the polishing become. It should never be submitted to 
this process with any scratches perceptible in it, even when examined by a magnifier. 

As to small lenses and spectacle eyes, several are ground and polished together. 
The pieces of glass are affixed by means of a resinous cement to the mould, close to 
each other, and are then all treated as if they formed but one large lens. Plane 
glasses are ground upon a surface of pitch rendered plane by the pressure of a piece 
of plate glass upon it in its softened state. 

Lenses are also ground and polished by means of machinery, into the details of which 
the limits this work will not allow us to enter. See Lenses. 

GLASf PAPER and CLOTH. Paper or cloth being covered with glue, sand, 
varying in its degree of fineness, is dusted over it, and of course adheres. These are 
used for polishing, or removing the rough surfaces of woods or metals. 

GLAUBER’S SALTS (the Sal catnarticus GlanberU or Sal ryitrabtle Glaitberi). 
Sulphate of soda was discovered by Glauber in 1658. Its composition is : — 

Soda 19-24 

Sulphuric acid . - - - - 24*76 

AYater ^-00 

100-00 

GLAZES, See Pottery, 

GLAZIER, is the workman who cuts plates or panes of glass with the diamond, 
and fastens them by means of putty in frames or window casements. See Diasioni), 
for an explanation of its glass-cutting property. 

GLAZING. The process of giving a hard polished surface to bodies. Paper is 
glazed’by the use of resins, gelatine, &c. See Paper. Pottery is glazed by the use 
of certain fusiblq,, materials. See Pottery and Porcel.vin. Some metals are said 
to be “glazed” when, by means of polishing wheels, the highest finish is put upon 
their surfaces. 

GLOVE MANUFACTURE, In February, 1822, Mr. James AVinter of Stoke- 
under-Hambdon, in the county of Somerset, obtained a patent for an improvement 
upon a former patent machine of his for sewing and pointing leather gloves. Fig. 908, 
represents a pedestal, upon which the instrument called the jaws is to be placed. 
Fij. 909 shows the jaws, which instead of opening and closing by a circular move- 
ment upon a joint, as described in the former specification, are now made to open 
and shut by a parallel horizontal movement, effected by a slide and screw ; o a is 
the fixed jaw, made of one piece, on the under side of which is a tenon, to be insened 
into the top of the pedestal. By means of this tenon the jaws may be readily 
removed, and another similar pair of jaws placed in their stead, which affords the 
advantage of expediting the operation by enabling one person to prepare the work 
whilst another is sewing ; 6 6 is the movable jaw, made of one piece. The two jaws 
being placed together in the manner shown at Jig. 910, the movable jaw traverses back- 
wards and forwards upon two guide-bars, c, which are made to pass through holes 
exactly fitted to them, in the lower parts of the jaws. At the upper parts of the jaws 
are what are called the indexes, d which are pressed tightly together by a spring 
shown Jig. 911, and intended to be introduced between the perpendicular ribs ot 
the jaws at e. At / is a thumb screw, passing through the ribs for the purpose 
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tightening the jaws, and holding the leather fast between the indexes T^hile being 
sewn ; this screw, however, will seldom, if ever, be necessary if the spring is suffi- 
cient!) strong ; ^ is an e)e or ring fixed to 
909 the movable jaw, thnmgh ^hicU the end of 

r,I 3 n lever,/* in Jig, 90S, p'lssvs ; this lever is 

connected by a spring to a treadle i, at the 
^jj A-JL n of the pedestal, and bv the pressure of 

/ y/' right foot upon this treadle, the movable 

^ D ^ // withdrawn; ko that the person eni- 

l ploved in sew ing may shift the leather, and 

^ ii MAJiid a g i« ^ place another part of the gh»vc between the 

908 914 jaws. The pieces called indexes are con- 

( l^/i o o nected to the upper part of the jaws, by 

screws passing through elongated holes which 

render them capable of adjustment 

The patentee states, that in addition to the 
index described in his former patent, which 
y/ V. • is applicable to what is called round-seam 

^ ^ sewing only, and which permits the leather 

to expand but in one direction, when the 
needle is passerl through it, namely, upwards, 
he now makes two indexes of different con- 
struction, one of whi' h he calls the receding 
index, and the other the longitudinally 
grooved index. 7^/^. 911 represents an end 

H view, and yn;. 912, a top view of the receding 

/LX index, which is particularly adapted for what 

/ “drawn sewing, and prick-seam 

/ t^y/ sewing.” This index, instead of biting to 

/ (/ the top, is so rounded off in the inside from 

the bottom of the cross grooves, as to permit 
the needles, by being passed backwards and 
forwards, to carry the silk thread on each side of the leatlior without parsing over 
it. Fig. 913 represents an end view of the longitudinally grooved index, partly 
open, to show the section of the grooves more distinctly; and.//^. 914 represents an 
inside view of one side of the same index, in which the longitudinal groove is shown, 
passing from k to /. This index is more particularly adapted to round-seam sewing, 
and permits the leather to expand in every direction when the needle is passed through 
it, by which the leather is less strained, and the sewing consequently rendered much 


stronger. 

GLOVE SEATING. The following simple and ingenious apparatus, invented by 
an Englishman, has been employed extensively in Paris. The instrument is shown 




in profile ready for action in 
Jig. 915. It resembles an iron 
vice, having the upper portion 
of each jaw made of brass, and 
tipped with a kind of comb of 
the same metal. The teeth of 
this comb, only one-twelfth of 
an inch long, are perfectly re- 
gular and equal. Change combs 
are provided for different styles 
of work. The vice A a is made 
fast to the edge of the bench or 
table B, of the proper height, 
by a thumb- screw c, armed with 
a cramp which lays hold of the 
wood. Of the two jaws com- 
posing the machine, the one t> 
is made fast to the foot A a, 
but the other e is movable 


upon the solid base of the machine, by means of a binge at the point f. At i i is 
sliown how»*the upper brass portion is adjusted to the lower part made of iron ; the 
tv^o being secured to each other by two stoat screws. The comb, seen separately in 
Jig. 9 1 7, is made fast to the upper end of each jaw, by the three screws n, n, n. Fig. 
916, is a front view of the jaw mounted with its comb, to illustrate its construction. 

The lever k corresponds by the stout iron wire i., with a pedal pressed by the 
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needle-woman’s foot, whenever she wishes to separate the two jaws, in order to insert 
between them the parallel edges of leather to be sewed. The instant she lifts her 
foot, the two jaws join by the force of the spring g, which pushes the movable jaw 
E against the stationary one d. The spring is made fast to the frame of the vice by 
the screw h. 

After putting the double edge to be sewed in its place, the woman passes her needle 
successively through all the teeth of the comb, and is sure of making a regular seam 
in every direction, provided she is careful to make the needle graze along the bottom 
of the notches. As soon as this piece is sewed, she presses down the pedal with her 
toes, whereby the jaws start asunder, allowing her to introduce a new seam; and so 
in quick succession. 

The comb may have any desired shape, straight or curved ; and the teeth may he 
larger or smaller, according to the kind of work to be done. With this view, the 
combs might be changed as occasion requires ; but it is more economical to have sets 
of vices ready mounted with combs of every requisite size and form- 

GLUCINA (Gluctne, Fr. ; Bat/Ueide, Germ.) is one of the primitive earths, ori- 
ginally discovered by Vauquelm in 1797 in the ei]jerald of Limoges; he called it 
glucma from the sweet taste possessed by its salts. Its existence in several other 
minerals has since been proved: viz., in cyniophane or chrysobei*yl, phenacite, 
cuclase, gadolinite, leucophane, &c. Its properties have been comparatively little 
studied, owing to the tedious and expensive processes required for its preparation. 
From the circumstance that this earth may probably he employed in the production of 
gems by artificial methods, it is thought important to describe its peculiarities fully. 

GLUCINUM, the metal of Gluc.na has been obtained by M. H. Debray (Ann 
Chum, et Phys. xliv. 5), by the following process. Into a wide glass tube are intro- 
duced two vessels, one containing chloride of gliicinum, and the other sodium, 
deprived of the* greatest part of the adhering naplitha by compression between two 
sheets of blotting paper. The glass tube is placed in a combustion furnace. It is 
then traversed by a current of hydrogen, passing from the chloride of glucinum to 
the sodium. The sodium is not placed in the tube until all the air has been expelled 
by the hydrogen. The tube is then heated just where the sodium is plac«.d, which 
by this means is deprived of the last panicles of naplitha, and fuses. The chloride of 
glucinum is then heated. The vapour of chloride driven forwards by the hydrogen 
arrives over the fused sodium. It then swells up, and the heat generated by chemical 
action is sufficient to raise the contents of the vessel to redness, which often breaks the 
vessel if made of porcelain. The operation is ended when the chloride of glucinum 
sublimes beyond the sodium vessel. When the tube is cool the vessel is withdrawn, and 
in the place of the sodium a large quantity of a blackish substance is found, composed 
of common salt and the metal glucinum in brilliant spangles, and sometimes even in 
globules. This mass is quickly detached and fused in a small crucible, with the addi- 
tion of some dried common salt, which acts as a flux, and facilitates the union of the 
globules of metal. 

It is a white metal, whose density is 2*1. It may he forged and rolled into sheets 
like gold. Its melting point is inferior to that of silver. It may he melted in the 
outer Mowpipe flame, without exhibiting the phenomenon of ignition presented by 
zinc Wn iron under the same circumstances. It cannot be set on fire in an atmo- 
sphere of pure oxygen, hut in both cases is covered with a film of oxide, which seems 
to protect it from further action. It is not acted on by sulphur, but readily combines 
with chlorine and iodine by the aid of heat. 

Silicium unites readily with h, forming a hard, brittle substance, capable of taking 
a high polish. This substance is always formed when glucinum is prepared in porce- 
lain vessels, the silica being reduced by this metal. After several fusions in such 
vessels, glucinum may contain as much as 20 per cent, of silicium. Glucinum does 
not decompose water at the temperature of ebullition, nor even at a white heat. 

Sulphuric and hydrochloric acids dissolve it easily, either concentrated or diluted, 
with the evolution of hydrogen. 

Nitric acid, even when concentrated, has, at ordinary temperatures, no action upon 
it, and dissolves it but slowly when boiling. 

Glucinum, though not acted on by ammonia, dissolves readily in caustic potash. 

The metal which Wohler obtained, by igniting chloride of glucinum w ith potassium 
in a platinum crucible, differs considerably from that just described ; the metal thus 
obtained being a grey powder, very refractory in the furnace, but combines with 
oxygen, chlorine, and sulphur much more energetically than the metal (inscribed by 
Debray. The differences arise probably partly from the different state of aggrega- 
tion, and partly from the contaminatioD of Wohlers metal with platinum and potassium. 

Berzelius effected the solution of the beiyl by fusing the finely-powdered 
berjl with three times its weight of carbonate of potash in a platinum crucible, and 
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then treating the fused mass with hydrochloric acid j but the swelling up of the mixture 
of carbonate of potash and beryl at the moment of fusion, prevents large quantities 
being made at a time. To obviate this, Dcbray uses lime. The following is the pro- 
cess given by him. 

The pulverised emerald is mixed with half its weight of quick-lime in powder ; the 
mixture is then fused in an earthen crucible placed in a wind-furnace ; the tempera- 
ture at which the fusion takes place is much lower than that required for the assay of 
iron. The glass thus obtained is powdered and moistened with water acidulated v^ilb 
nitric acid, so as to obtain a thick paste, to which is added concentrated nitric acid, 
taking care to stir the mass, which is converted, in the cold, but better by heat, into 
an homogeneous jelly ; this is evaporated to drive off the excess of acid, then heated 
so as to decompose the nitrates of aluunaa, glucina, and iron. It is advisable to raise 
the temperature at the end of the operation so as to decompose a small portion of the 
nitrate of lime. The result of this calcinatioa is composed of insoluble silica, alumina, 
glucina, and sesquioxide of iron, insoluble in water, finally nitrate of lime, and a little 
free lime. It is boiled with water containing some chloride of ammonium. 

The nitrate of lime is rapidly removed by the water, and the lime decomposing the 
chloride of ammonium is also at^ength dissolved, with liberation of ammonia. This 
disengagement of ammonia ceases as soon as all the lime is dissolved, and as it is the 
surest guarantee of the non- solution of the alumina and glucina, the calcinatiotrof the 
nitrates should be repeated, unless ammonia is liberated under the circumstances just 
mentioned. The residue of silica, alumina, glucina, and iron is well washed uutii 
all the lime is removed, which is known by oxalate of ammonia causing no cloudi- 
ness in the washings. The separation of the silica and the earths is easily effected, 
mere boiling with nitric acid dissolving the alumina, glucina, and iron, and leaving the 
silica undissolved. The solution of the nitrates of alumina, glucina and iron, is then 
poured into a solution of carbonate of ammonia, to which a little ammonia has been 
added. The precipitation of the earths takes place without liberation of carbonic acid, 
and the glucina at length redissolves iu the carbonate of ammonia. The solution of 
the glucina may be considered complete after seven or eight days* digestion. As the 
carbonate of ammonia may dissolve a little iron, it is better to add to the solution a 
a few drops of sulphide of ammonium, which precipitates it completely. The solution 
is then filtered and boiled to drive off the carbonate of ammonia, when the glucina is 
precipitated in the state of carbonate. 

The carbonate of glucina is a dense white powder, easily washed ; it is collected on 
a filter and dried. 

From the carbonate any of the other compounds of glucina may be easily prepared ; 
simple calcination converts it into glucina. A process for the separation of alumina 
and glucina has been proposed by M. Berthier ; it consists in suspending the well 
washed earths in water, and passing a current of sulphurous acid through them. Their 
solution is complete. The liquid is then boiled to expel the excess of sulphurous acid, 
when a dense sub-sulphite of alumina is precipitated, leaving the glucina in solution. 
Debray found that sometimes in this process the glucina w as entirely precipitated with 
the alumina. 

Glucina thus obtained possesses the following properties. 

It is a light white powder, without smell or taste. Infusible, but volatilises^fcst as 
zinc and magnesia. Heat does not harden glucina as it does alumina, but renders it 
nevertheless insoluble in acids. Boiling concentrated sulphuric acid dissolves it 
easily, hut the action of nitric acid is very feeble when the glucina has been strongly 
heated. Caustic potash dissolves it readily; and glucina is even capable of expelling 
the carbonic acid from carbonate of potash ; it is again precipitated from its solution 
in potash by boiling when diluted to a certain extent. 

Ebelmen has obtained it in hexagonal prisms by submitting a solution of glucina, in 
fused boracic acid, to a powerful and long-continued heat. It may likewise be obtained 
in microscopic crystals by a more easy process, which consists in decomposing the 
sulphate of glucina at a high temperature, in the presence of sulphate of potash ; also 
by calcining the double carbonate of glucina and ammonia. The crystals are separated 
from the sulphate of potash by washing. 

The hydrate of glucina is obtained by precipitating a salt of that base by ammonia. 
The presence of ammoniacal salts does not hinder the precipitation. When recently 
prepared it greatly resembles the hydrate of alumina ; only it absorbs, by drying in 
the air, a notable quantity of carbonic acid. 

The hydMte of glucina easily loses its water by heat, and becomes then insoluble 
in carbonate of ammonia, the hydrate when pure being very soluble in it ; but its 
solution is hindered by the presence of alumina, in which case, it is only complete after 
several hours* digestion. It is also soluble in sulphurous acid and bisulphite of ammonia. 

Glucina precipitated from some of its solutions by ammonia, is rt^issolved by pro- 
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longed ebullition, but this is observed more especially when precipitated from the oxa- 
late or acetate of glacina. , . 

Chloride ofglucinum, is prepared by the same process as the chloride of aluminium, 
merely substituting glucina for alumina, and at first sight very much resembles it ; it 
is, however, much less volatile than chloride of aluminium, being about as volatile as 
chloride of zinc. It dififers also from chloride of aluminium inasmuch as it is not 
capable of forming definite compounds with some protochlorides ; chloride of alumi- 
nium uniting with certain protochlorides forming a series of compounds, fusible at a 
low temperature, volatile at a red heat without decomposition ; and the composition of 
which is represented by the formula AI^Cl^ + MCI. The crystals of chloride of alu- 
minium may be called chlorinated spinelles, and are easily obtained, it being only 
necessary, in order to form the sodium compound of the group, to mix the chloride of 
aluminium with half its weight of common salt, and distil, one distillation producing it 
pure, the formula of it being Ail'd’ + NaCl. Chloride of glucinum is very soluble in 
water ; it may, however, be obtained in crystals, by allowing its'solution to evaporate 
over sulphuric acid under a bell jar. The presence of a little free hydrochloric acid 
favours the crystallisation- Thus obtained, this salt is a hydrate, and according to 
Awdejew its formula is G1C1 + 4110. The hjdrat^ chloride of glucinum is decom- 
posed by heat into hydrochloric acid and glucina. 

loSde of glucinum. — This compound presents all the characters of the chloride, only 
being a little less volatile. The affinity of iodine for glucinum, is not very strong, 
oxygen decomposing the iodide at the heat of a spirit lamp, liberating iodine and form- 
ing glucina. 

Glucinum is also capable of combining with fluorine ; the double fluoride of 
glucinum and potassium being formed by pouring a solution of fluoride of potassium 
into a salt of glucina. It is but little soluble in the cold, and is deposited in the form 
cT brilliant scales. 

Sulphate of glucina. — This salt is white, has an acid and slightly sweet taste. It 
is unalterable in the air at ordinary temperatures but effloresces in dry and warm air. 
Hy heat, it first fuses, in its water of crysNAlisation, then at a red heat is decomposed 
into sulphurous acid, oxygen, and glucina. 

Water at 57 2® F, (14° C ) dissolves about its own weight of this salt j its solubility 
is increased by heat, and boiling water dissolves an indefinite quantity. The presence 
of free sulphuric acid or alcohol lessens its solubility. 

It loses a portion of its acid in many cases with facility j for instance, we obtain 
an uncrystallisable tribasic sulphate of glucina, by dissolving carbonate of glucina in a 
concentrated solution of the sulphate ; carbonate of glucina is added until carbonic acid 
ceases to be liberated at each addition ; the liquid filtered and evaporated gives a gummy 
residue. The very dilute solution of this salt lets fall some glucina, and is changed 
into a bibasic sulphate, also uncrystallisable. 

Sulphate of glucina dissolves zinc with disengagement of hydrogen, forming a 
bibasic sulphate of glucina and sulphate of zinc. Sulphate of alumina, under the same 
circumstances, dissolves zinc with liberation of hydrogen, and forms a sulphate of zinc 
and an insoluble subsulphate of alumina. Taking advantage of this difference. Debray 
proposed a method (Ann. Chgm. el Phya. xliv. 26), for the separation of alumina and 
glucAa, but which does not answer for analytical purposes, as chemically pure zinc 
is only acted on with great difficulty by these sulphates. Sulphate of glucina is formed 
by dissolving the carbonate in dilute sulphuric acid, the evaporated liquid depositing 
it on cooling. It is essential to keep the liquid distinctly acid; it assists the crystal- 
lisation, and besides, if we were to dissolve the carbonate in it until the liberation of 
carbonic acid ceased, we should obtain a basic uncrystallisable salt. According to 
Awdejew the formula of this salt is 

GlO,SOi>+4HO. 

- Double sulphate of glucina and potash. — This salt was discovered by Awdejew ; he 
obtained it while endeavouring to produce the double sulphate of glucina and potash 
corresponding to common alum (which, had he succeeded, would have been one of 
the beat proofs of the analogy existing between alumina and glucina). 

It is obtained iu crystalline crusts, by evaporating a solution containing 15 parts of 
sulphate of glucina to 14 parts of sulphate of potash. The concentration is stopped 
as soon as the liquid becomes turbid ; at the end of a few hours this salt is deposited, 
which is purified by rccrystallisation. It is precipitated as a crystalline powder by 
the addition of sulphuric acid to the concentrated solution. It is but little soluble in 
the eold, much more so, though slowly, in hot water. By the action heat it first 
fuses in its water of crystallisation, then is decomposed entirely into glucina and sul- 
phate of potash, if the heat is strong and long enough applied. Its composition is re- 
presented by the formula 

G10,S0» + K0,S0’4 2HO. 
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Carbonate ofglucina. — Glucina is soluble in carbonate of ammonia. When the solu- 
tion is boiled, carbonate of ammonia is driven off, and a precipitate of carbonate of 
glucina is formed, the composition of ^ hich seems to be 

3G10,C0* + 5U0; 

but if we arrest the boiling as soon as the solution becomes turbid, we obtain a solution 
of a double carbonate of glucina and ammonia, from which, by the addition of alcohol, 
this salt is deposited in clear crystals. Double carbonate of glucina and ammunni is 
white, very soluble in cold water, but is easily decomposed by hot water, liberating 
carbonate of ammonia and depositing carbonate of glucina. It is much less soluble in 
dilute alcohol, and nearly insoluble in absolute alcohol. It is easily decomposed by 
heat, leaving as a residue pure glucina. 

It is also decomposed by exposure to the air after some time. According to Debray 
the formula of this salt is 

4G10,3C0’H0 + 3(NH^0,C02) 

There also exists a double carbonate of potash and glucina corresponding to this salt, 
and is prepared by the same process, merely substituting carbonate of potash for car- 
bonate of ammonia; the carbonate of potash, however, takes longer to dissolve the 
glucina than carbonate of ammonia. 

Oxalic acid dissolves glucina but does not yield any crystallisable compounds, except 
in combination with other oxalates, as the oxalate of potash or ammonia. 

These doable salts crystallise well and have the following simple composition: - 
Gl0,CW + KO,C*O3; 

GlO,C20^+ NIDO.CW. 

These salts are obtained by dissolving carbonate of glucina in binoxalatc of ammonia 
or potash in the cold, until carbonic acid ceases to be given off. They decrepitate by 
the application of heat. Tlie composition of glucina is still undecided ; lierzelius re- 
garding it as a sesquioxide, and Awdejew and others as a protoxide. The latter view 
gives greater simplicity in the formula of its compounds, but glucina has no decided 
analogy to the ordinary class of protoxidesj^ime and magnesia, &c. — H. K B. 

GLUCOS^ The name given to grape and starch sugar by M. Dumas. See 
Sugar. 

GLUE (^Colle forte, Fr. ; Leim, Tischlerleim, Germ.) is the chemical substance gela- 
tine in a dry state. The preparation and preservation of the skin and other animal 
matters employed in the manufacture of glue, constitute a peculiar branch of industry. 
Those who exercise it should study to prevent the fermentation of the substances, and 
to diminish the cost of carriage by depriving them of as much water as can conveniently 
be done. They may then be put in preparation by macerating them in milk of lime, 
renewed three or four times in the course of a fortnight or three weeks. This process 
is performed in large tanks of masoory. They are next taken out ith all the adhering 
lime, and laid in a layer, 2 or 3 inches thick, to drain and dry, upon a sloping pave- 
ment, where they are turned over by prongs two or three times a day. Ti»e action 
of the lime dissolves the blood and certain soft part«, attacks the epidermis, and dis- 
poses the gelatinous matter to dissolve more readily. When the cleansed matters are 
dried, they may be packed in sacks or hogsheads, and transported to the glue manu- 
factory at any distance. The principal substances of which glue is made are the 
parings of ox and other thick hides, which form the strongest article, the refuse of 
the leather dresser; both afford from 45 to 55 per cent, of glue. The tendons, and 
many other offals of slaughter-houses, also afford materials, though of an inferior 
quality, for the purpose. The refuse of tanneries, such as the ears of oxen, calves, 
sheep, &c., are better articles ; but parings of parchment, old gloves, and, in fact, 
animal skin in every form, uncombined with tannin, may be made into glue. 

Tlie manufacturer who receives these materials is generally careful to ensure their 
purification by subjecting them to a weak lime steep, and rinsing them by exposure 
in baskets to a stream of water. They are lastly drained upon a sloping surface and 
well turned over till the quicklime gels mild by absorption of carbonic acid ; for, in 
its caustic state, it would damage the glue at the heat of boiling water. It is not 
necessary, however, to dry them before they are put into the boiler, because they dis- 
solve faster in their soft and tumefied state. 

The boiler is made of copper, rather shallow in proportion to its area, with a uniform 
fiat bottom, equably exposed all over to the flame of the fire. Above the true bottom 
there is a false one of copper or iron, pierced with holes, and standing upon feet 3 or 
4 inches high? which serves to sustain the animal matters, and prevent them from 
being injured by the fire. The copper being filled to two-thirds of its height with 
soft water, is then heaped up with the bulky animal substances, so high as to surmount 
its brim. But soon after the ebullition begins they sink down, and, in a few hours, 
get entirely immer^ed in the liquid. They should be stirred about from time to time, 
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and well pressed down towards the false bottom, while a steady but gentle boil is 
maintained. 

The solution must be drawn off in successive portions ; a method which fractions 
the products, or subdivides them into articles of various value, gradually decreasing 
from the first portion drawn oflf to the last. It has been ascertained by careful expe- 
riments that gelatine gets altered over the fire very soon after it is dissolved, if the 
heat of 212° is maintained, and it ought therefore to be drawn off whenever it is suffi- 
ciently fluid and strong for forming a clear gelatinous mass on cooling, capable of 
being cut into moderately firm slices by the wire. The point is commonly determined 
by filling half an egg-shell with the liquor, and exposing it to the air to cool. The 
jelly ought to get very consistent in the course of a few minutes ; if not so, the boiling 
must be persisted in a little longer. When this terra is attained, the fire is smothered 
up, and the contents of the boiler arc left to settle for a quarter of an honr. The stop- 
cock being partially turned, all the thin gelatinous liquor is run off into a deep boiler, 
immersed in a warm water bath, so that it may continue hot and fluid for several 
hours. At the end of this time the supernatant clear liquid is to be drawn off into 
congealing boxes, as will be presently explained. 

The grounds, or undissolved matters in the boiled are to be again supplied with a 
quantity of boiling water from an adjoining copper, and are to be once more subjected 
to the action of the fire, till the contents assume the appearance of dissolved jelly, and 
afford a fresh quantity of strong glue liquor, by the stop-cock. The grounds should 
be subjected a third time to this operation, after which they may be put into a bag, 
and squeezed in a press to leave nothing unextracted. The latter solutions are usually 
too weak to form glue directly, hut they may be strengthened by boiling with a por- 
tion of fresh skin-parings. 

Fty. 918 represents a convenient apparatus for the boiling of skins into glue, in 



which there are three coppers upon three different levels ; the uppermost being acted 
upon by the waste heat of the chimney, provides warm water in the most economical 
way ; the second contains the crude materials, with water for dissolving them ; and the 
third receives the solution to be settled. The last vessel is double, with water con- 
tained between the outer and inner one ; and discharges its contents by a stop-cock 
into buckets for filling the gelatinising wooden boxes. The last made solution has 
about one-five-hundredth part of alum in powder usually added to it, with proper agita- 
tion, after which it is left to settle for several hours. 

The three successive boils furnish three different qualities of glue. 

Flanders or Dutch glue, long much esteemed on the Continent, was made in the 
manner above descried, but at two boils, from animal offals well washed and soaked 
so as to need less boiling. The liquor being drawn off thinner, was therefore less 
coloured, and being made into thinner plates was very transparent. The above two 
boils gave two qualities of glue. 

By the English practice, the whole of the animal matter is brought into solution at 
once, and the liquor being drawn off, hot water is poured on the residuSm, and made 
to boil on it for some time, when the liquor thus obtained is merely used instead of 
water upon a fresh quantity of glue materials. The first drawn off liquor is kept hot 
in a settling copper for five hours, and then the clear solution is drawn off into the 
b >xes. 




378 


GLUE. 


These boxes are made of deal, of a square form, bat a little narrower at bottom than 
at top. When very regular cakes of glue are wished for, cross grooves of the desired 
square form are cut in the bottom of the box. The liquid glue is poured ioto the 
boxes placed very level, through funnels furnished with filter cloths, till it stands at 
the brim of each. The apartment in which this is done ought to be as cool and dry 
as possible, to favour the solidification of the glue, and should be floored with stone 
flags kept very clean, so that if any glue run through the seams, it may be recovered. 
At the end of 12 or 18 hours, or usually io the morning if the boxes have been filled 
over-night, the glue is sufficiently firm for the nets, and they are at this time removed 
to an upper story, mounted with ventilating windows to admit the air fh)m all quar- 
ters. Here the boxes are inverted upon a moistened table, so that the gelatinous 
cake thus turned out will not adhere to its surface ; usually the moist blade of a long 
knife is insinuated round the sides of the boxes beforehand, to loosen the glue. The 
mass is first divided into horizontal layers by a brass wire stretched in a frame, hko 
that of a bow-saw, and guided by rulers which are placed at distances corresponding 
to the desired thickness of the cake of glue. The lines formed by the grooves in the 
bottom of the box define the superficial area of each cake, where it is to be cut with 
a moist knife. The gelatinous "layers thus formed, must be dextrously lifted, and 
immediately laid upon nets stretched in wooden frames, till each frame be filled. 
These frames are set over each other at distances of about three inches, being supported 
by small wooden pegs, stuck into mortise holes in an upright, fixed round the room ; so 
tUat the air may have perfectly free access on every side. The cakes must more- 
over be turned upside down upon the nets twice or thrice every day, which is readily 
managed, as each frame may be slid out like a drawer, upon the pegs at its two 
sides. 

The drying of the glue is the most precarious part of the manufacture. The least 
disturbance of the weather may injure the glue during the two or three first days of 
its exposure ; should the temperature of the air rise considerably, the gelatine may 
turn so soft as to become unshapely, and even to run through the meshes upon the 
pieces below, or it may get attached to the strings and surround them, so as not to 
he separable without plunging the net into boiling water. If frost supervene, the 
water may freeze and form numerous cracks in the cakes. Such pieces must be im- 
mediately re-melted and re-formed. A slight fog even produces upon glue newly 
exposed a serious deterioration ; the damp condensed upon its surface occasioning a 
general mouldiness. A thunderstorm sometimes destroys the coagulating power in 
the whole lamius at once ; or causes the glue to turn on the nets, in the language 
of the manufacturer. A wind too dry or too hot may cause it to dry so quickly, as to 
prevent it from contracting to its proper size without numerous cracks and fissures. 
In this predicament, the closing of all the flaps of the windows is the only means of 
abating the mischief. On these accounts it is of importance to select the most tem- 
perate season of the year, such as spring and autumn, for the glue manufacture. 

After the glue is dried upon the nets it may still preserve too much flexibility, or 
softness at least, to be saleable ; in which case it must be dried in a stove by arti- 
ficial beat. This aid is peculiarly requisite in a humid climate, like that of Great 
Britain. 

When sufficiently dry it next receives a gloss, by being dipped, cake by cake, in hot 
water, and then rubbed with a brush, also moistened in hot water ; after which the 
glue is arranged upon a hurdle, and transferred to the stove room, if the weather be 
not sufficiently hot One day of proper drought will make it ready for being packed 
up in casks. 

The pale coloured, hard, and solid article, possessing a brilliant fracture, which is 
made from the parings of ox-hides by the first process, is the best and most cohesive, 
and is most suitable for joiners, cahinet-maken, painters, &c. But many workmen 
are influenced by such ignorant prejudices, that they still prefer a dark-coloured 
article, with somewhat of a fetid odour, indicative of its impurity and bad preparation, 
the result of bad materials and too long exposure to the boiling heat. 

There is a good deal of glue made in France from bones fr^ed from the phosphate 
of lime by muriatic acid. .This is a poor article, possessing little cohesive force. It 
dissolves almost entirely in cold water, which is the best criterion of its imperfection. 
Glue should merely soften in cold water, and the more considerably it swells, the 
better, generally speaking, it is. 

Some manufacturers prefer a brass to a copper pan for boiling glue, and insist much 
on skimming^it as it boils; but the apparatus represented renders skimming of little 
consequence. For use, glue should be broken into small peces, put along with some 
water into a vessel, allowed to soak for some hours, and subjected to the heat of a 
boiling-water bath, but not boiled itself. The surrounding hot water keeps it long 
in a fit state for joiners, cabinet-makers, &c. 
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^ "Water containing only one-hundredth part of good glue, forms a tremulous solid. 
When the solution, ho-wever, is heated and cooled several times, it loses the property 
of gelatinising, even though it be enclosed in a vessel hermetically sealed. Isinglass 
or tlsh glue undergoes the same change. Common glue is not soluble in alcohol, but 
is precipitated in a white, coherent, elastic mass, when its watery solution is treated 
with that fluid. By transnutting chlorine gas through a warm solution of glue, a 
combination is very readily eti^ted, and a viscid mass is obtained like that thrown 
down by alcohol. A little chlorine suffices to precipitate the whole of the glue. 
Concentrated sulphuric acid makes glue undergo remarkable changes ; during which 
are produced sugar of gelatine, leucine, an animal matter, &c. Nitric acid, with the 
aid of heat, converts glue into malic acid, oxalic acid, a fat analogous to suet, and into 
tannin ; so that, in this way, one piece of skin may be made to tan another. When 
the mixture of glue and nitric acid is much evaporated, a detonation at last takes place. 
Strong acetic acid renders glue first soft and transparent, and then dissolves it. Though 
the solution does not gelatinise, it preserves the property of glueing surfaces together 
when it dries. Liquid glue dissolves a considerable quantity of lime, and also of the 
phosphate of lime recently precipitated. Accordingly glue is sometimes contaminated 
with that salt. Tannin both natural and artificial cdtnbincs with glue; and with such 
effect, that one part of glue dissolved in 6000 parts of water affords a sensible preci, 
pitate with the infusion of nutgalls. Tannin unites with glue in several proportions, 
which are to each other as the numbers 1, 1^, and 2; one compound consists of 100 
glue and 89 tannin ; another of 100 glue and 60 tannin ; and a third of 100 glue and 
1 20 tannin. These two substances cannot be afterwards separated from each other 
by any known chemical process. 

Glue may be freed from the foreign animal matters generally present in it, by soft- 
ening it in cold water, washing it with the same several times till it no longer gives 
out any colour, then bruising it with the hand, and suspending it in a linen bag beneath 
the surface of a large quantity of water at 60® F. In this case, the water loaded with 
the soluble impurities of the glue gradually sinks to the bottom of the vessel, while 
the pure glue remains in the bag surrounded with water. If this softened glue be 
heated to 92® without adding water, it will liquefy; and if wc heat it to 122®, and 
filter it, some albuminous and other impurities will remain on the filter, while a colour- 
less solution of glue will pass through. 

Experiments have not yet explained how gelatine is formed from skin by ebullition. 
It is a change somewhat analogous to that of starch into gum and sugar, and takes 
place without any appreciable disengagement of gas, and even in close vessels. Gela- 
tine, sajs Berzelius, does not exist in the living body, but several animal tissues, such 
as skin, cartilages, hartshorn, tendons, the serous membranes, and bones, are suscep- 
tible of being converted into it See Gklatine. 

GLUTEN (Co//e Vegetate and Gluten, Fr.; JCleber, Germ.) was first extracted by 
Beccaria from wheat flour, and wa^ long regarded as a proximate principle of plants, 
till Einhoff, Taddei, and Berzelius succeeded in showing that it may be resolved by 
means of alcohol into three different substances, one of which resembles closely animal 
albumine, and has been called Zymome, or vegetable albumine ; another has been 
called Gliadine ; and a third Mucine. 

Gluten, when dried in the air or a stove, diminishes greatly in size, becomes hard, 
brittle, glistening, and of a deep yellow colour. It is insoluble in ether, in fat and 
essential oils, and nearly so in water. Alcohol and acetic acid cause gluten to swell 
and make a sort of milky solution. Dilute acids and alkaline lyes dissolve gluten. 
Its ultimate constituents are not determined, but azote is one of them, and accordingly 
when moist gluten is left to ferment, it exhales the smell of old cheese. 

Some years since, M. E. M. Martin, of Vervins, proposed to extract the starch 
without injuring the gluten, which then becomes available for alimentary purposes. 
His process is a mechanical one (resembling that long practised in laboratories for 
&nd consists in washing wheat flour, made into a paste, with water, 
either by the hand or machinery. 

The gluten thqps obtained is susceptible of numerous useful applications for alimen- 
tary purposes. Mixed with wheat flour, in the proportions of 30 parts of flour, 10 of 
fresh gluten, and 7 of water, it has been employed to produce a superior sort of maca- 
roni, vermicelli, and other kinds of Italian pastes ; and MM. Veron Freres, of Paris, 
have made with it a new sort of paste, which they have termed granulated qluten 
{gluten granule). ^ 

GLYCERINE is a substance extracted from fatty substance^ It may be 
prepared m the utmost pur% by the following process If we take equal parts of olive 
litharge, put them into a basin with a little water, set this om a 
sand bath moderately heated, and stir the mixture constantly, with the occasional 
addition of hot water to replace what is lost by evaporation, we shall obtain, in a short 
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time, a soap or plaster of lead. If, after having added more water to this, we remove 
the vessel from the fire, decant the liquor, filter it, pass sulphuretted hydrogen through 
it to separate the lead, then filter afresh, and concentrate the liquor as much as pos- 
sible without burning, upon the sand-bath, we obtain glycerine ; but what remains 
mast be finally evaporated within the receiver of the air-pump. Glycerine thus pre- 
pared is a transparent liquid, without colour or smell, and of a syrupy consistence. It 
has a very sweet taste. Its specific gravity is 1*27 at the temperature of 60^. When 
thrown upon burning coals, it takes fire and bums like an oil. Water combines with 
it in almost all proportions; alcohol dissolves it readily ; nitric acid converts it into 
oxalic acid; and, according to Vogel, sulphuric acid transforms it into sugar, in the 
same way as it does starch. By yeast it becomes acid by the formation of formic and 
metacetic acids. 

Its constituents are, carbon 40, hydrogen 9, oxygen 51, in 100. 

Glycerine is one of the products of the saponification of fat oils. It is produced in 
large quantities in the soap manufactories in a very impure state, being contaminated 
with saline and empyreumatic matters, and having a very strong disagreeable odour. 
In order to obtain glycerine from this source, the residuary liquors are evaporated and 
treated with alcohol, which dissolves out the glycerine. The alcohol having been 
separated by evaporation, the glycerine is dilated with water, and boiled with animal 
charcoal. This process must be repeated several times, or until the result is suffi- 
ciently free from smell. It is, however, difficult to obtain pure glycerine from this 
source, on account of the nature and condition of the ingredients usually employed in 
making soap, whi6h it is almost impossible to deprive of rancid odour. 

The compounds of glycerine with the fatty acids constitute the \arioiis kinds of fats 
and oils, but the base does not appear to have the sanje composition in all. A certain 
quantity of water appears to separate, and the equivalent of glycerine to be in some 
fats but half what it is in others. Thus the glycerine of the palm oil has the formula 
and the glycerine of myristiue, or nutmeg butter, of which bodies 

the common glycerine should be the hydrate. 

Glycerine is now obtained in great quantities from palm oil, in the process of puri- 
fication for candles. It is employed with much advantage to preserve soft bodied 
animals. It is manufactured into soap, is administered internally, and is supposed to 
possess highly nutritive properties. It has been employed in cases of deafness, and in 
diseases of the throat. By some it is used to preserve collodion plates in a state of 
sensitiveness for many days. 

GLYPHOGRAPHY. A process introduced some years since to cheapen wood 
engraving. A metal plate was covered with a thick etching-ground, and an etching 
made through to the metal in the usual manner. Several coats of ink were then 
applied by means of a small composition roller. This adheres only to the varnish. 
When the hollows are deep enough, the plate is placed in connection with a voltaic 
battery, and copper is deposited in the usual way (see Electro-Metallurgy) ; the 
result being a plate with the drawing in relief. The proce'^s is rarely practised. 

GNEISS may be called stratified, or, by those who object to that term, foliated 
granite, being formed of the same materials as granite, namely, felspar, quartz, and 
mica. — Lyell. 

Gneiss might indeed, in its purest and most typical fi)rm, be termed schistose 
granite, consisting, like granite, of felspar, quartz, and mica ; but having those minerals 
arranged in layers or plates, rather than in a confused aggregation of crystals. - Jukes. 

In whatever state of aggregation the particles of gneiss may have been originally 
deposited, we know now that it is a hard, tougli, crystalline rock, exhibiting curved 
and twisted lines of stratification, and composed in the main of quartz, felspar, mica, 
and hornblende. Mineralogically speaking, it differs from the granite rocks with 
which it is associated chiefly in this, that while the crystals of quartz, felspar, &c., are 
distinct and entire in granite, in gneiss they are broken, water- worn, and confusedly 
aggregated. Hence the general belief is, that gneiss or gneissose rocks are but the 
particles of granite weathered and worn, carried down by streams and rivers, and 
deposited in the seas of that early period. — Page. * 

GOBELIN M.ANUFACTORV. This establishment, which has been long cele- 
brated for its tapestry, took its name from th^ brothers Gobelin. Giles Gobelin, a 
dyer at Paris, in the time of Francis I., had found out an improvement in the then 
usual .«carlet dye ; and as he had remarked that the water of the rivulet Bievre, in the 
suburbs of St. Marceaii, was excellent for his art, he erected on it a large dye house, 
which, out 0 ^ ridicule, was called Fohe~Gokelins About this period a 

Flemish painter, whom some name Peter Koek, and ot^rs Kloek, and who had 
travelled a long time in the East, established, and continued to his death in 1550, a 
manufactory for dyeing scarlet cloth by an improved process. Through the means 
of Colbert, minister of Louis XIV., one of the Gobelins learned the process used for 
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preparing the German scarlet dye from one Glnck, whom some consider to be Gulich 
(who was said to have learned to dye scarlet from one Kuffelar, a dyer at Leyden), 
and others as Kloek ; and the Parisian scarlet dye soon rose into so great repute that 
the populace imagined that Gobelin had acquired the art from the devil. It is known 
that Louis XIV., by the advice of Colbert, purchased Gobelin’s building from his suc- 
cessors in 1667, and transformed it into a palace, to which he gave the name of Hotel 
Royal des Gobelins, and which he assigned for the use of first-rate artists, particularly 
painters, jewellers, weavers of tapestry, and others. — Beckmann. 

The national manufactory is now alone remarkable for -its production in textile 
manufacture of some of the finest works of art ; and not only does it excel in the high 
character of its designs, hut also in the brilliancy and permanence of its colours. 

GOLD. (Eng. and Germ.; Or, Fr.) This metal is distinguished by its splendid 
yellow colour; its great density = 19 3 compared to water I’O; its fusibility at the 
32nd degree of Wedgewood’s pyrometer; its pre-eminent ductility and malleability, 
whence it can be beaten into leaves only 1-282, 000th of an inch thick; and its insolu- 
bility in any acid menstruum, except the mixture of muriatic and nitric acids, — styled 
by the alchemists aqua regia, because gold was deemed by them to be the king of 
metals, — or in solutions of chlorine. » 

Gold. is found only in the metallic state, sometimes crystallised in the cube, and its 
derivative forms. It occurs also in threads of various sizes, twisted and interlaced into 
a chain of minute octahedral crystals ; as also in spangles or rounded grains, which 
when of a certain magnitude are called pepitas. The small grains are not fragments 
broken from a greater mass; but they show by their flattened ovoid shape and their 
rounded outline that this is their original state. The spec. grav. of native gold varies 
from 13‘3 to 17’7. Humboldt states that the largest pcpi'ta known was one found in 
Peru weighing about 12 kilogrammes (26 J lbs. avoird.) ; but masses have been quoted 
in the province -of Quito which weighed nearly four times as much. Some of the 
“ nuggets ” from Australia have greatly exceeded this. 

Another ore of gold is the alloy with silver, or argental gold, the electrtm of Pliny. 
It seems to be a definite compound, containing in 100 parts, 64 of gold and 36 of 
silver. 

The mineral formations in which this metal occurs are the crystalline primitive 
rocks, the compact transition rocks, the tracbytic an.l trap rocks, and alluvial grounds. 
Sir Roderick Murchison says, in his chapter On Ike Original Formation of Gold, in 
his “Siluria:” — ” We may first proceed to consider the nature and limits of the rich 
gold-bearing rocks, and then offer proofs, that the chief auriferous wealth, as derived 
from them, occurs in superficial detritus. Appealing to the structure of the different 
mountains, which at former periods have afforded, or still afford, any notable 
amount of gold, we find in all a general agreement.' Whether, referring to past 
history, we cast our eyes to the countries watered by the sources of the Golden Tagus, 
to the Phrygia and Thrace of the Greeks and Romans, to the Bohemia of the Middle 
Ages, to tracts in Britain which were worked in old times, and are now either 
abandoned, or very slightly productive, or to those chains in America and Australia 
which, previously unsearched, have in our tiroes, proved so rich, we invariably find 
the same constants in nature. In all these lands, gold has been imparted abundantly 
to the ancient rocks only, whose order and succession we have traced, or their 
associated eruptive rocks. Sometimes, however, it is also shown to be diffused 
through the body of such rocks, whether of igneous or of aqueous origin The stratified 
rocks of the highest antiquity, such as the oldest gneiss and quartz rocks (like those 
for example, of Scandinavia and the northern Highlands of Scotland), have very 
seldom borne gold ; but the sedimentary accumulations which followed, or the Silurian 
Devonian, and carboniferous (particularly the first of these three) have been the’ 
deposits which, m the tracts where they have undergone a metamorphosis or change 
of structure by the influence of igneous agency, or other causes, have been the chief 
sources whence gold has been derived.” 

GoU is usually either disseminated, and as it were impasted in stony masses, or 
spread out in thin plates or grains on their surface, or, lastly, implanted in their 
cavities, under the shape of filaments or cry stallised twigs. The minerals composing 
the veins are either quartz, calcspar, or sulphate of baryta. The ores that accompany 
the gold in these veins are chiefly iron pyrites, copper pyrites, galena, blende, aud 
mispiekel (arsenical pyrites). » o , , w 

Inthe oi-es called auriferous pyrites, this metal occurs generally in an invisible 
form ; but though invisible in the fresh pyrites the gold becomes visible by its decom- 
position ; as the hydrated o5ide of iron allows the native gold particles to shine forth 
on their reddish-brown ground, even when the precious metal may constitute only the 
five millionth part of its weight, as at Rammelsberg in the Hartz. In that state it has 
been extracted with profit ; most frequently by amalgamation with mercury, proving 
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that the gold was in the native state, and not in- that of a snlpburet The iron pyrites 
of Wicklow, and of some of our English mines contain gold. After the sulphur of 
the ore has been separated in the process of manufacturing sulphuric acid, the 
re^uary mass, called sulphur cake,” is roasted with common salt. This is thrown 
into hot water, the copper which is present, is dissolved as muriate of copper. The 
silver present has been converted by the roasting process into a chloride ; this is 
dissolved out with a strong brine, from which the silver is precipitated by zinc. The 
silver cake obtatfied in this way is sold from prices varying from G*. to IO 5 . the ounce 
the additionsd sum above 5s. 5d, the ounce for pure silver being given for the gold 
it contains. 

Gold exists among the primitive strata, disseminated in small grains, spangles, and 
crystals. Brazil affords a remarkable example of this species of gold mine. Beds of 
granular quartz, or micaceous specular iron, in the Sierra of Cocaes, 12 leagues beyond 
Villa Rica, which form a portion of a mica-slate district, includes a great quantity of 
native gold in spangles, which in this ferruginous rock replace mica. 

The auriferous ores of Hungary and Transylvania, compoaed of tellurium, silver 
pyrites or sulphuret of silver, and native gold, lie in masses or powerful veins in a rock 
of trachyte, or in a decomposed'felspar subordinate to it. Such is the locality of the 
gold ore of Konigsherg, of Telkebanya, between Eperies and Tokay in Hungary, and 
probably that of the gold ores of Kapnick, Felsobanya, &c.,in Transylvania; an arrange* 
ment nearly the same with what occurs in Equatorial America. The auriferous veins 
of Gnanaxuato, of Real del Monte, of Villalpando, are similar to those of Schemnitz 
in Hungary, as to magnitude, relative position, the nature of the ores they include, 
and of the rocks they traverse. These districts have impressed all mineralogists with 
the evidences of the action of volcanic fire. Breislak and Hacquet have described the 
gold mines of Transylvania as situated in the crater of an ancient volcano. It is 
certain that the trachytes which form the principal portions of the rocks including 
gold, are now almost universally regarded as of igneous or volcanic origin. 

It would seem, however, that the primary source of the gold is not in these rocks, 
but rather in the sienites and greenstone porphyries below them, which in Hungary 
and Transylvania are rich in great auriferous deposits ; for gold has never been 
found in the trachyte of the Euganean mountains, of the mountains of the Vicentin, or 
of those of Auvergne; all of which are superposed upon granite rocks, barren in 
metaL 

Finally, if it be true that the ancients worked mines of gold in the island of Ischia, 
it would be another example, and a very remarkable one, of the presence of this metal 
in trachytes of an origin evidently volcanic. 

Gold is, however, much more common in the alluvial grounds than among the 
primitive rocks just described. It is found disseminated in the siliceous, argillaceous, 
and ferruginous sands of certain plains and rivers, especially in their re-entering 
angles, at the season of low water, and after storms and temporary floods. On the 
occurrence of gold. Dr. Ure remarks ; “ It has been supjHj&ed that the gold found in 
the beds of rivers had been torn out by the waters from the veins and primitive rocks, 
which they traverse. Some have even searched, but in vain at the source of auri- 
ferous streams for the native bed of this precious metal. The gold in them belongs, 
however, to the grounds washed by the waters as they glide along. This opinion, 
suggested at first by Delius, and supported by Dehorn, Guettard, Robitant, Balbo, &c., 
is founded upon just observations. 1. The soil of these plains contains frequently, at 
a certain depth, and in several spots, spangles of gold, separable by washing. 2. The 
beds of the auriferous rivers and streamlets contain more gold after storms of rain 
upon the plains than in any other circumstances. 3. It happens almost always that 
gold is found among the sands of rivers only in a very circumscribed space ; on as- 
cending these rivers their sands cease to afford gold ; though did this metal come from 
the rocks above, it should be found more abundantly near the source of the rivers. 
Thus it is known that the Oreo contains no gold except from Pont to its junction with 
the Po. The Ticino affords gold only below the Lago Maggiore, and consequently 
far from the primitive mountains, after traversing a lake, where its course is slackened, 
and into which whatsoever is carried down from these mountains must have been de- 
pc^ited. The Rhine gives more gold near Strasburg than near Basle, though the 
latter be much closer to the mountains. The sands of the Danube do not contain a 
grain of gold, while this river runs in a mountainous region ; that is, from the frontiers 
of the bishoprick of Passau to Efferding ; but its sands become auriferous in the plains 
below. TIm» same thing is true of the Ems ; the sands of the upper portion of this 
river, as it flows among the mountains of Styria, include no gold ; but from its entrance 
into the plain at Steyer, till its embouchnre in the Danube, its sands become auriferous, 
and are even rich enough to be washed with profit. 
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The greater part of the auriferous sands, in Europe, Asia, Africa, and America, are 
black or red, and consequently ferruginous : a remarkable circumstance in the geolo- 
gical position of alluvial gold. M. Napione supposes that the gold of these ferru- 
ginous grounds is due to the decomposition of auriferous pyrites. The auriferous sand 
occurring in Hungary almost always in the neighbourhood of the beds of lignites, and 
the petrified wood covered with gold grains, found buried at a depth of 55 yards in 
clay, in the mine of Vorospatak near Abrabanya in Transylvania, might lead us to 
presume that the epoch of the formation of the auriferous alluvia is not remote from 
that of the lignites. The same association of gold ore and fossil wood occurs in South 
America, at Moeo. Near the village of Lloro have been discovered, at a depth of 20 
feet, large trunks of petrified trees, surrounded with fragments of trap rocks inter- 
spersed with spangles of gold and platinum. But the alluvial soil alFords likewise all 
the characters of the basaltic rocks ; thus in France, the Ceze and the Garden, auri- 
ferous rivers, where they afibrd most gold, flow over ground apparently derived from 
the destruction of the trap rocks, which occur in situ higher up the country. This fact 
had struck Reaumur, and this celebrated observer had remarked that the sand which 
more immed ately accompanies the gold spangles in most rivers, and particularly in 
the Rhone and the Rhine, is composed, like that of Ceylon and Expailly, of black prot- 
oxide of iron and small grains of rubies, corundum, hyacinth, &c. Titanium has been 
• observed more recently. It has, lastly, been remarked that the gold of alluvial form- 
ations is purer than that extracted from rocks,” 


Principal Gold Mines, 

Spain anciently possessed mines of gold in regular veins, especially in the province 
of Asturias ; but the richness of the American mines caused them to be neglected. 
Julius Caesar is said to have paid his enormous debts, and have added largely to the 
Roman treasury, from the wealth which he derived from the Spanish mines. The 
Tagus, and some other streams of that country, were said to roll over golden sands. 
France contains no workable gold mines ; but it presents in several of its rivers auri- 
ferous sands. There are some gold mines in Piedmont ; particularly the veins of 
auriferous pyrites of JIucugnagna, at the foot of Monte Rosa, l)ing in a mountain of 
gneiss ; and although they do not contain 10 or 11 grains of gold in a hundred-weight, 
they have long defrayed the expense of working them. On the southern slope of the 
Pennine^ Alps, from the Simplon and Monte Rosa to the valley of Aoste, several auri- 
ferous districts and rivers occur. Such are the torrent Evenson, which has afforded 
much gold by washing j the Oreo, in its passage from the Pont to the Po ; the reddish 
grounds over which this little river runs for several miles, and the hills in the neigh- 
bourhood of Chivasso, contain gold spangles in considerable quantity. 

In the county of Wicklow, in Ireland, in the year 1796, some fine specimens of 
gold were found, — one mass weighing twenty-two ounces. The gold is found in the 
debris of the valley at the base of Croghan-Kinshela ; and it would appear to be derived 
from the granite of that mountain, or the homblendic greenstones by which it is tra- 
versed. Messrs. Weaver and Mills, however, prosecuted extensive mine workings in 
search of the source of the gold without any success. As we have already stated, 
the pyrites of Wicklow contain gold, but no auriferous veins have been discovered! 
In Cornwall gold has been found in the tin streams of Carnon vale, and some few 
other spots ; and some of the quartz veins traversing the slate have been found 
to contain gold. Many of the gossans of the copper lodes are known to have gold 
in them ; but it is only in a few rare instances that the precious metal has been 
separated. 


In Devonshire, near North Molton, at the Britannia mine, gold has been found in 
small quantities, associated with the minerals of the district ; but it has never paid the 
cost of obtaining it. In Scotland also gold has been found. Pennant says : “ In the 
reigns of James IV. and V. of Scotland, vast wealth was procured in the Lead Hills, 
from the gold washed from the mountains ; in the reign of the latter not less than the 
value of 300,0001. sterling.” We are fold that in another locality a piece of gold 
^ateme^*^*"^*^ ounces was found ; but we cannot find any good authority for this 


In North Wales, especially in Merionethshire, the older slaty rocks were declared 
some ten years since to be auriferous. Professor Ramsay has examined and described 
the district, and especially the mineral and quartz veins of Cwm-eisen-isaf and Dol- 
y-frwynog, which contain gold. This district has been worked for gold for some 
tmie ; but in no case, we believe, to a profit. At Gogofau, not far from Uandovery, 
the Romans worked for gold, the remains of their workings being still to be discovered 
They have been described by Mr. W. Warington Smyth in the Memoirs of the 
treological burvey» 
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There ere auriferous sands in some rivers of Switzerland, as the licuss and the Aar. 

In Germany no mine of gold is worked, except in the territory of Salzburg, amid the 
chain of moontuns which separate the Tyrol and Carinthia. 

The mines of Hungary and Transylvania are the only gold mines of any importance 
in Europe ; they are remarkable for their position, the peculiar metals that accom- 
pany them, and their product, estimated at about 14.30 pounds avoird. annually. The 
principal ones are in Hungary, 1, those of Kbnigsberg; the native gold is disse- 
minated in ores of snlphuret of silver, which oceui' in small masses and in veins in a 
decomposing felspar rock, amid a conglomerate of pumice, constituting a portion of 
the trachytic formation; 2, those of Borson, Schemnitz ; and 3, of Felsobunya : ores 
also of auriferous snlphuret of silver occur iu veins of sienite and greenstone por- 
phyry ; 4, those trf Telkehanya, to the south of Kaschan, are in a deposit of auriferous 
pyrites amid trap rocks of the most recent formation. 

In Transylvania the gold occurs in veins, often of great magnitnde. These veins 
have no side plates or wall stones, but abut, without intermediate gangnes, the primi- 
tive rock. They consist of decomposing quartz, ferriferons limestone, heavy spar, 
floor spar, and sulphuret of silver. The mine of Kapnik deserves notice, where the 
gold is associated with orpimeof, and that of Vorospatak in granite rocks; those of 
Ofienbanya, Zalatna, and Nagy-Ag, where it is associated with tellurium. The last 
is in sienitie rock on the limits of the trachyte. • 

In Sweden, the mine of Edelfors in Smoland mvy be mentioned, where the gol4t 
occurs native and in auriferous pyrites ; the veins are a brown quartz, in a mountain 
of foliated hornstone. 

In Siberia, native gold occurs in a hornstone at Schlangenberg or Zmeof, and at 
Zmeino-garsk in the Altai mountains, accompanied with many other orea 

The gold mine of Berezoysk in the Ural mountains has been Icmg known, consist- 
ing (^portuifly decomposed auriferous pyrites, disseminated m a vein of greasy quartz. 
This is, according to Murchison, **the only work at which robterrancau mining in the 
aoUd rock is still practised ; there the lhaft traverses a mass cS apparently metamor- 
phosed and crystalline matrix called ‘ beresUe,’ resembling a deeompozed gnuute with 
veins of quartz, in which some gold is disseminated.” A^nt 1 820, a very rich deposit 
of native gold was discovered on the eastern side of the Ural mountains, disseminated 
at some yards deep in an argillaceous loam, and accompanied with the debris of 
rocks which usaally compose the auriferous alluvial soils, as greenstone, serpentine, 
protoxide of inm, corundum, &e. The rivers of this district possess auriferous 
sands. 

At the Soimanofiik mines, soutli of Hiash, great piles of ancient drift or gravel 
having been removed for the extraction of gold, the eroded edges of highly inclined 
crystalline limestones have been exposed, which, from being much nearer the centre 
of the chain than the above, are probably of Silurian or Devouian age. It is from 
the adjacent eruptive serpentiuous masses and slaty rocks b that the gold shingle c 
(usually most auriferous near the surface of the abraded rock o) has been derived. 



The tops of the highly inclined beds o are in fact rounded oflj and the interstices 
between them worn into holes and cavities, as if by very powerful action of water. 
Now here, as at Berezovsk, mammoth remains have been found. They were lodged 
in the lowest part of the excavation, at the spot marked m, and at about fifty feet 
bmieath the original surface of overlying coarse gravel c, before it was removed by the 
tyoi^men from the vacant space under the dotted line. The feeble inflncnce of 
tke streams fn) which now flow, in excavating even the loose shingle is seen at 
the spot mark^ o, the bed of the rivulet having been lowered by human labour 
from its natural level o to that marked n for the convenience of the diggers. — 
Murchison, 

It was fr'm the ioflllings of one of the gravelly depressions between these eleva- 
tions, south of Miask, that the largest lump of solid gold was found, of which at that 
time (1824) there was any record. This “ pepita ” weighs ninety-six pounds troy, 
and is still exhibited in the museum of the Imperial Schoifl of Mines at St. Peters- 
burg. 
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The quantity of gold raised in Russia during five years was as follows : — 


1847 - -- -- -- - 1700 poods. 

1848 1660 „ 

1849 1530 „ 

1850 - - 1490 „ 

1851 1266 „ 

7646 


Equal to about 296,932 lbs. troy in five years. — Lectures on Gold, R. Hunt. 

Id Erman’s “ Archives” we find that in the year 1851, the gold of the Uralian 
washing and amalgamation works produced 332 poods ; the Nertschinsk works, 67 
poods; the remaining West and East Siberian washings, 1107 poods; the produce of the 
Altai Mountains and of Nertschinsk Siberian works, 39 poods; making 1546 poods. 

In Asia, and especially in its southern districts, there are many mines, streams, 
rivers, and wastes which contain this metal. The Pactolus, a small river of Lydia, 
rolled over such golden sands, that it was supposed to constitute the origin of the 
wealth of Croesus. But these deposits are now poor and forgotten. Japan, Formosa, 
Ceylon, Java, Sumatra, Borneo, the Philippines, andicome other islands of the Indian 
Archipelago, are rich in gold streams. Those of Borneo are worked by the Chinese in 
an alluvial soil on the western coast, at the foot of a chain of volcanic mountains. 

Little or no gold comes into Europe from Asia, because its servile inhabitants place 
their fortune in treasure, and love to hoard np that precious metal. 

Numerous gold mines occur on the two slopes of the chain of the Cailas mountains 
in the Oundes, a province of Little Thibet. The gold lies in quartz veins which tra- 
verse a very crumbling reddish granite. 

Africa was, with Spain, the source of the greater portion of the gold possessed by 
the ancients. The gold which Africa still brings into the market is always in dust, 
showing that the metal is obtained by washing the alluvial soils. None of it is col- 
lected in the north of that continent ; three or four districts only are remarkable for 
the quantity of gold they produce. 

The first mines are those of Kordofan, between Darfour and Abyssinia. The 
negroes transport the gold in quills of the ostrich or vulture. These mines seem to 
have been known to the ancients, who considered Ethiopia to abound in gold. Hero- 
dotus relates that the king of that country exhibited to the ambassadors of Cainbyses 
all their prisoners bound with golden chains. 

The second and chief exploitation of gold dust is to the south of the great desert of 
Zaara, in the western part of Africa, from the mouth of the Senegal to the Cape of 
Palms. The gold occurs in spangles, chiefly near the surface of the earth, in the beds 
of rivulets, and always in a ferruginous earth. In some places the negroes dig pits 
in the soil to a depth of about 40 feet, unsupported by any props: they do not follow 
any vein ; nor do they construct a gallery; but by repeated washings they separate the 
gold from the earthy matters. 

The same district furnishes also the greater part of what is carried to Morocco, Fez, 
and Algiers, by the caravans which go from Timbuctoo on the Niger, across the great 
desert of Zaara. The gold which arrives by Sennaar at Cairo and Alexandria comes 
from the same quarter. From Mungo Park’s description, it appears that the gold 
spangles are found usually in a ferruginous small gravel, buried under rolled pebbles. 

The third spot in Africa where gold is collected is on the south-east coast, between 
the twenty-fifth and the twenty-second degree of south latitude, opposite to Mada- 
gascar, in the country of Sofala. Some persons think that this' was the kingdom of 
Ophir, wbendi^' Solomon obtained his gold. 

During the last, and the commencement of the present century, the richest gold 
mines were found in South America. It occurs there principally in spangles among 
the alluvi.al earths, and in the beds of rivers; more rarely in veins. 

The gold of Mexico is in a great measure contained in the argentiferons veins, so 
numerous in that country, whose principal localities are mentioned under the article 
Silver. The silver of the argentiferous ores of Guanaxuato contains one 360th of its 
weight of gold ; the annual product of the mines being valued at from 2640 to -3300 
pounds avoirdupois. 

Oaxaco contains the only auriferous veins explored as gold mines in Mexico ; they 
traverse the rocks of gneiss and mica slate. ’ 

All the rivers of the province of Caracas, to ten degrees north of the lino, flow over 
golden sands. 

Peru is not rich in gold ores. In the provinces of Huailas and Pataz, ^is metal is 
mined in veins of grea.sy quartz, variegated with red ferruginous spots, which traverse 
primitive rocks. The mines called paevs de oro, consist of ores of iron and copper 
oxides, containing a great quantity of gold. 
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All the gold furnished hy New Grenada (New Columbia) is the product of wash- 
ings established in alluvial grounds. The gold exists in spangles and in grains, dis- 
seminated among fragments of greenstone and porphyry. At Choco, along with the 
gold and platinum, hjacinths, zircons, and titanium occur. There has been fmnd, as 
already stated, in the auriferous localities, large trunks of petrified trees. The gold 
of Antioquia is 20 carats tine, that of Choco 21, and the largest lump or pepUa of gold 
weighed about 27^ pounds avoirdupois. Tlie gold of Chili also occurs in alluvial 
formations. 

Brazil does not contain any gold mine, properly so called ; for the veins containing 
the metal are seldom worked. Dr. Walsh says gold was first known to exist in tlie 
Brazils in 1543. The Indians made their fishing-hooks of it, and from them it was 
discovered that it was found in the beds of streams, brought down from the mountains. 
But the first ore found by a white man in that country was m the year 1G93 ; this 
discovery led to the colonisation of the Minas Geraes, and to all those oils resulting 
from “ the cursed lust of gold,” with details of which the history of South America 
abounds 

It is in the sands of the Mandi, a branch of the Bio- Dolce, at Catapreta, that the 
auriferous ferruginous sands w*^re first discovered in 16^2. Since then they have 
been found almost everywhere at the foot of the immense chain of mountains, which 
runs nearly parallel with the coast, from the 5th degree south to the 30th. It is par- 
ticularly near Villa Rica, in the environs of the village Cocaes, that the numerous 
washings for gold are established. The pepitas occur in different forms, often adhering 
to micaceous specular iron. But in the province of Minas Geriies, the gold occurs 
also in veins, in beds, and in grains, disseminated among the alluvial loams. It has 
been estimated in annual product, by several authors, at about 2800 pounds avoir- 
dupois of fine metal 

We thus see that almost all the gold brought into the market has come from allu- 
vial lands, and has been extracted by washing. 

Californian Gold Mines. — The accident which first revealed the golden treasures 
of the soil of California, is thus related by a writer in the Quarterly Review, for Sep- 
tember, 1852. Captain Suter, the first white man who had established himself in the 
district where the Americanos joins the Sacramento, having erected a saw-mill on the 
former river, whose tail race turned out to be too narrow, took out the wheel, and let 
the water run freely off. A great body of earth having been carried away by the 
torrent, laid hare many shining yellow spangles, and on examination Mr. Marshall, 
his surveyor, picked up severi little lumps of gold. He and Captain Suter then 
commenced a search together, and gathered an ounce of the ore from the sand without 
any difficulty ; and with his knife the captain picked out a lamp of an ounce and a 
half from the rock, A Kentuckian workman employed at the mill had espied their 
supposed secret discovery, and when after a short absence the gentlemen returned, he 
showed them a handful of the glittering dust. The captain hired a gang of fifty 
Indians, and set them to work, Tiie news spread, but the announcement of the dis- 
covery was received with incredulity beyond the immediate neighbourhood. But 
presently when large and continuous imports of gold from San Francisco placed the 
matter beyond doubt, there ensued sucli a stir in the States, as even in that go-ahead 
region is wholly without parallel : numbers of every age and of every variety of 
occupation pu>hed for the land of promise. Many were accompanied by their families, 
and most under the excitement of the hour overlooked their physical unfitness, and 
their inability to procure necessaries. The waters of the Humboldt, from their head 
to their “ sink,” a space of nearly 300 miles, are in the dry season strongly impreg- 
nated with alkali : and it was here that they first began to faint. Some died from thirst, 
others from ague, others fell beneath the burdens they attempted to carry when their 
last animal dropped into the putrid marsh, which grew thicker at every step. Beyond 
the “ sink ” the diminished bands had to encounter sixty or seventy miles of desert, 
where not a blade of herbage grew, and not a drop of pure water could be procured; 
and those who pushed safely through this ordeal had still to ascend the icy slopes of 
Sierra Nevada, when the rigours of winter were added to all other difficulties. At 
different points, cue being almost in sight of the golden land, overwearied groups had 
formed encampments, in ca«e perhaps some help might reach them. It is to the 
credit of the settlers that on hearing this, they strained their resources to the utmost 
to afford relief. Yet when all was d^me, a sick, destitute, most wretched horde of 
stragglers, was all that remained of the multitude, who, full of hope and spirits, had 
commenceithe prairie journey. 

It may be advantageous in this place to determine the difference between the 
amounts of gold passing into the European markets, before the discoveries of the gold 
fields of California, and especially of those of Australia, to contrast with the total 
prodi’C' of tbi've countries at the pi-'-'' time. 
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Table of the quantities of Gold which may be considered as having been brought into 
the European market, every year on an average, from 1790 to 1802. 


Continents. 

Gold. 

Ancient Continent. 

lbs. Avoir. 

Asia : — Siberia - -- -- -- - 

3740 

Africa - -- -- -- -- - 

3300 

Europe : — Hungary -------- 

1430 

Salzbourg ------- 

Austrian States, Hartz and Hessia, Saxony, Nor- 

165 . 

way, Sweden, France, Spain, &c. - - - 

1 65 

Total of the Ancient Continent ------ 

8800 

New Continent. 


North America- 

2,860 

South America : — Spanish dominions - - - - 

22,000 

Brazil ------- 

15,400 

Total of the New Continent ------ 

40,260 


The mines of America have sent into Europe three and a half times more gold, and 
twelve times more silver, than those of the ancient continent. The total quantity of 
silver was to that of gold in the ratio of 55 to I ; a very ditferent ratio from that which 
holds really in the value of these two metals, which is in Europe as 1 to 15. This 
difference depends upon several causes, which cannot be investigated here at length ; 
but it may be stated, that gold, by its rarity and price, being much less emploved in 
the arts than silver, the demand for it is also much less ; and this cause is sulhcient 
to lower its price much beneath what it would have been, if it had followed the ratio 
of its quantity compared to that of silver. Thus also bismuth, tin. &c., though mtffch 
rarer than silver, are, nevertheless, very inferior in price to it. Before the discovery 
of America, the value of gold was not so distant from that of silver, because since that 
era silver has been distributed in Europe in a far greater proportion than gold. Ih 
Asia the proportion is now actually only 1 to 11 or 12 ; the product of the gold mines 
in that quarter, being not so much below that of the silver mines as in the rest of the 
world. 

The total aonoal production of gold, exclusive of California and Australia, at pre~ 


sent, has been estimated as follows: 

From the ancient Spanish colonies of America - ~ 10,400 kilogrammes 

Brazil -------- - 600 

Europe and Asiatic Russia - - « - . 6,200 

The Indian Archipelago - . - _ . 4,700 

Africa- - -- -- -- - 14,000? 


35,900 = 36 tons nearly, 

without taking iaito account the quantity of gold now extracted from silver. 


Eeport of the production of Gold since its discovery in California, 


in 


£ 

1848 

- 

11,700 

1849 

- 

1,600,000 

1850 

- 

5,000.000 

1851 

- 

8,250,000 

1852 

- 

- 11,700,000 


in 


£ 

18.53 

- 

- 12,500,000 

1854 

- 

- 14,100,000 

1855 

- 

, - 13,400,000 

1856 

- 

- 14,000,000 

1857 

- 

- 13,110,000 


The history of the production of gold in California and the States of tlje Union, is 
well told in the following table, showing the deposits of gold in the limits of the 
United States. These have been supplied for this work by the obliging kindness of 
Mr. Rockwell, of Washington. 
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Total - - 1,479,785*50 4,400,373 1 535,492 2,374,793*50 35,568 254,944 48,397 226,839,521*62 95,740 












GOLD. 389 


' 2 » Branch Mint, San Francisco. 


Period. 

CaliforDia. 

Total. 


Dollars. 

Dollars. 

1854 - - . - 

10,842,281-23 

10,842,281*23 

18.55 - - - - 

20,860,427-20 

20,860,427*20 

1856 - 

29,209,218*24 

29,209,218*24 

1857 to Jane 3Q - 

12,526,826-93 

12,526,826-93 

Total 

73.438,763-60 

73,438,763-60 


3. Branch Mint, New Orleans. 


Period. 

North 

Carolina. 

South 

Carolina. 

Georgia. 

Alabama. 

Caliioraia. 

Tennessee. 

Other 

Sources. 

Total. 

1838-47 

1848 

1849 
lH"iO 

la's! 

1852 

1853 

1854 

1855 

1856 
1857 to 
June 30 

Dollars. 

741 

■ 

Dollars. 

14,306 

1,488 

Dollars. 

37,364 

2,317 

Dollars. 

61,903 

6,717 

4,062 

3 560 
1,040 

Dollars. 

1,124 
660.921 
4,.575,576 
8,769.682 
3,777,784 
2,006.673 
981,511 
411,517*24 
283.344 91 
129,328*39 

Dollars. 

1,772 

947 

Dollars. 

3,613 

2,783 

S94 

Dollars. 
119,699 
12.593 
677,189 
4,580.030 
8,770,722 
3,777,784 
2,006,673 
981.511 
411..51724 
283,344*91 
129,328 39 

Total 

741 

16,217 

30,681 

77,282 

21,606,461*64 

2,719 

7,290 

21,750,39T51 


4. Branch Mint, Charlotte, North Carolina. 


Period. 

North Carolina. 

South Carolina. 

California. 

Total 


Dollars. 

■HTTRTIinmi 

Dollars. 

Dollars. 

1838 to 1847 

I,5i9,777 

143,941 

> 

1,673,718 

1848 . 

359,075 

11,710 

- 

370,785 

1849 . 

378,223 

12,509 

- 

390,732 

1850 . 

307,289 

13,000 

. 

320,289 

1851 . 

275,472 

25,478 

15,111 

316,061 

1852 . 

337,604 

64,934 

28,362 

430,900 

1853 . 

227,847 

61,845 

15,465 

305,157 

1854 . 

188,277 

19,001 

6,328 

213,606 

1855 . 

196,894*03 

14,277 17 

5,817*66 

216,988*86 

1856 . 

157,355*18 


15,237-35 

173,592*53 

1857 to June 30 . 

75,696-47 

- 

- 

75,376*47 

Total . 

4,033,189*68 

366,695-17 

87,321-01 

4,487,205-86 


5. Branch Mint, Dahlonega, Georgia. 


Period. 

North 

Carolina. 

Sooth 

Carolina. 

Georgia. 

Tennessee. 

Alabama. 

California. 

Other 

Sources. 

Total. 

1838-47 

1848 

1849 
IK.'H) 
1851 
18-52 
la-'is 
1854 
185.5 
1856 

1857 to 
June 30 

Dollars. 

64, .^1 
5,434 
4,882 
4,-500 
1,971 

443 

2,08-5 

5,818 

3,145*82 

f- ■ 

Dollars. 

95,427 

8,151 

7,3 -'3 
5.700 
3,236 
57.543 
33.950 
15,988 
9,113-27 
25,723-75 

8,083-89 

Dollars. 

2.978,353 

251,376 

225,824 

204.473 

1-54.723 

93,122 

56.984 

47,ti27’ 

66,686-36 

44,107-99 

25,097-63 

Dollars. 

32.175 

2,717 

2,441 

1.200 

2,251 

750 

149 

233 

106*42 

Dollars. 

47,711 

4,075 

3,661 

1,800 

2,105 

277 92 

Dollars. 

30.025 
214.072 
32i,93l 
359,122 
211,169 
47,4-28-70 
31,467-10 
6,498 02 

Dollars. 

’ 951 

Dollars. 

3,218,017 

271,753 

244 131 
247,608 

370 3f:9 
476,789 
452.290 

28(1 2*25 

116,6.52-07 

101.40.5*26 

39,679*54 

Total 

92,629*82 | 270,238 91 

1 

4,137,773*98 

42,012*42 

59,6->9 92 

1,224,712-82 

951 

5,827,948-87 
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6. Assay Office, New York. 


Period. 

YirgiziLia. 

North 

Carolina. 

Sonth 

Carolina. 

Georgia. 

Alabama. 

Ten- 

nessee. 

California. 

Other T..**i 

Pources. ^'"**** 

IS.54 
185^ 
18.56 
18.57 to 
June 30 

Dollars. 

167 
•2,370 
l,9i8 
j 1,531 

Dollars. 

3.916 

3,7.50 

805-07 

1,689 

Dollars. 

39.5 

7,620 

4,052*29 

2,663 

Dollars. 

1.242 

13,100 

41,101**2S 

10,451 

Dullurs. 

3.50 

233-62 

1,545 

llultars 

Dollars. 
9.*22 1.4.57 
>5.n‘>'m96ll 
16.529,0<)S 90 

9,809 ,957 

Dollars. D >IUr«. 

- - 9.2-27,177 

1600 2\U -4,68*; n 

- - lG.582.r2'rl6 

- . 9,917,836 

Total 

10,996 

10,160*07 

14,730*29 

65,894*28 

2.128-62 

' 

60,676,319-1)1 



Summary exhibit of the entire Deposits of Domestic Gold at the United States Mint and 
Branches from 1804 to the 30/A June 1857. 



Blints. 


FhEladelphia. 

San Fran- 
cisco. 

New Orleans 

Charlotte 

Dahloncjra 

\8sar Office 

Total. 


Dollars. 

Dollars. 

DoUar«. 

Dtillnrg. 

Dolt irg. 

Dollar*. 

Dollars. 

Virginia - . 

1,479,780 -ir. 

.. 

. 


- 

10,9' >6 

1.490.781-50 

North Ca olina 

4,400.373 

. 

741 

4.031 189*68 

9-2 .6 29- 82 

KMI,0 07 

8..5;<7.0‘*.3 57 

South Carolina 

.53.5,492 

.. 

16-217 


27n.238 91 

14 7M)’‘>*j 

1.203,.373 37 

Georgia - 

2,374,793 50 

. 



l,137,77.1’9'* 

6.5.894-28 

6.618,142 76 

Tennessee « 

35..568 

• 

‘2,719 


42.012 4 + 

• . 

sn.vic* 42 

Alabama - 

51,944 


77,282 



2,128 62 

19.3 684 .‘iJ 

New Mexico - 

48.397 

. 


. 


• • 

48 V‘7 

California 

226,839..521*62 

73,438,763*60 

21,606,461*54 

87,321*0) 

1,224,712*82 

60, 676,319-01 

383,R73,n'8.)-60 

Other Sources 

95,740 

- - 

7,2UO 

- • 

9.51* 

1,600 

10.5,581 

Total - 

235.864,614*62 

73,438,763»60 

■i I, 750, 39 1-54 

4,487, 205-8t. 

5.827,948-87 

60,781,828 27 

402,1 50, 75‘2-76 


Shorts of gold atid silver bullion from the United States, as shown by the annual 
official reports on “ Commerce and Navigation,’* by the Secretary of the Treasury of 
the United States. (Prior to 1855, the reports do not show separately the coin from 
the bullion, and in the following years sdver is not separated from gold, but almost the 
entire amount was undoubtedly gold.) 

Dollars. Dollari. 

1855 . - 34,114,905 

1856 - - 28,689,046, of which from S. Francisco, 6,947,404 

1857 - - 31,300,080 „ 9,022,257 


The gold, the production of foreign countries, imported into the United States for 
the years ending 30th June, was as follows : — 


Year, 

1852 

1853 

1854 

1855 

1856 

1857 


Bullion. 

S608,257 

463,044 

1,720,711 

404,217 

114,289 

151,585 


Com. 

?3, 049,802 
1,962,312 
1,311,253 
688,585 
876,046 
6,303,051 


Shipments of gold from San Francisco colony, to eastern domestic parts and foreign 
ports, from the San Francisco Price Current: — 


United States. 

1853 - - - 8+7,916,447® 

185+ - - - 46,289,649® 

-Total in 1853 - - - - 

„ 185+ - - - - 


England. 


Other Countries. 


3 , 781 , 080^1 


1,163,779,78 


5?54,906,l00-S-?g 
»5 1,234, 508 


Australian Gold Mines . — The discovery of the great gold field in Australia to the 
westward of Bathurst, about 150 miles from Sydney, was officially made known in 
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Great Britain, by a despatch from Sir C. A. Fitzroy to Earl Grey, on the 18th Sep- 
tember, 1851, many persons with a tin dish having obtained from one to two ounces per 
day. On the 25th of May, he writes that lumps have been obtained varying in weight 
from one ounce to four pounds. On the 29th of May, he writes that gold has been found 
in abundance, that people of every class are proceeding to the locality, that the field is 
rich, and from the geological formation of the country, of immense area. By assay 
the gold is found to consist of 91*1 of that metal and about 8*333 of silver, with a little 
base metal ; or of 22 carats in fineness. July 17th, a mass of gold weighing 106 pounds 
was found imbedded in the quartz matrix, about 53 miles from Bathurst; and much 
more, justifying the anticipations formed of the vast richness and extent of the gold 
field in this colony. This magnificent treasure, the property of Dr. Kerr, surpassed 
the largest mass found in California, which was 28 pounds ; and that in Russia, which 
was 70 pounds, now in the museum at St. Petersburg. One party of six persons got 
at the same time 400/. in ten dajs by means of a quicksilver machine ; and a party of 
three, who were unsuccessful for seven days, obtained in five days more than 200 
ounces. A royalty cf 10 per cent, was ordered to be paid on gold in matrix if found 
in Crown lands, and 5 per cent, if found in private property. 

Numerous claims have been made by persons '^ho have thought that they had 
given the first indications of gold in Australia. To Sir Roderick Murchison is, how* 
ever, due the merit of pointing out that gold might probably be found in Australia, 
long before it was known in Europe that gold existed in that important colony. Sii 
Roderick Murchison thus gives us the facts : — Having in the year. 1 844 recently 
returned from the auriferous Ural mountains, I had the advantage of examining the 
numerous specimens collected by my friend Count Strzelecki along the eastern chain 
of Australia. Seeing the great similarity of the rocks of those two distant countries, 
I could have little difficulty in drawing a parallel between them; in doing which 1 
was naturally struck by the circumstance that no gold had yei been found in the 
Australian range, which I termed m anticipation the ‘ Cordillera, ’impressed with 
the conviction that gold woiihl, sooner or later, be found in the great British Colony. 
I learnt in 1846 with satisfaction that a specimen of the ore had been discovered, 1 
thereupon encouraged the unemployed miners of Cornwall to emigrate, and dig for 
gold as they dug for tin in the gravel of their own district. These notices were, as far 
as I know, the first printed documents relating to Australian gold.” 

August 25th, 1851, Lieutenant-Governor C. J. Latrobe announced to Earl Grey from 
Melbourne, the discovery of large deposits of gold in that district of the colony. In a 
second Parliamentary blue book, issued February 3, 1852, it is stated that 79,340 ounces 
of gold, worth 257,855/ 7s., had been previously forwarded to England; and that the gold 
fields of the colony of Victoria rival, if they do not exceed in value, the first discovered 
gold fields of New South Wales ; the total value being then 300,000/. ; and but a little 
time afterwards about half a million sterling. Mr. E. Hargraves, commissioner foi 
Crown lands, announced from Bathurst, that no part of California which he had seen 
has produced gold so generally and to such an extent as Sitmmerhill Creek, the Turon 
River, and its tributaries. 

For the purpose of conveying a correct idea of the conditions under which the 
greatest quantity of the Australian gold occurs, three plans have been selected from 
different districts. The first of these 920) represents a longitudinal section 



1 Aunft>rous drift. j 3. DoumUrv ft*nce. 

2. Boundary of workingf. I 4. Creswu-k’s Ci ot k. 


along the course of the west quartz vein in the Clunes gold-mining field. We have 
here, as indicated by the darker portions of the wood-cut, the quartz vein shown in 
section, with the shafts sunk, and the levels driven upon it. The lisihUr portions ot 
the figure resting on the quartzose rock is an auriferous drift ; and on the left of the 
section the great basaltic formation is shown. 

Fig- 921 is a section of a portion of the Ballarat gold-field. It is an east and west 
section from the Red Streak-lead across Post-office Hill, White Fiat, the township of 
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Ballarat West, and the quartz reef west of the township; and it shows the auriferous 
drift, schist, quartz, and basalt formations of the district 



1. The town of Ballarat East. 

2. lliie main road. 

3. The Red Streak-lead. 

4. The creek. 

5. Old Post-office Hill, with quartz reef. 

6. Basalt escarpment south of Golden Point. 

7. White fiat recent auriferous alluvial deposit. 

8. Yarrowee Creek. 

9 and 11 are two shafts sank into the ancient aurU 


feroits alluvial deposit. 

10. The Gravel-Pits lead. 

12. Qu.irtz reef beyond the town of Ballarat West, 
shown m the drawing:. 

B is the remains of a lava stream, interrupted by 
the schist and clay slate lulls 

D D is the gravel strata w hich iiu ariably rests on 
the side of the schist hills which surround 
the Ballarat basin. 


In those two sections we have, therefore, all the conditions shown of the processes 
of mining on the quartz lodes and in the alluvial deposits. 

922 j ^^ 9 ' ^22 is a section from the 

Boroondara and Bulleen gold 
mines, a few miles from the ca- 
pital of Victoria. It is the east 
and west section of the Carlton 
Estate quartz reef, and is mainly- 
given to illustrate the unskilful 
and dangerous condition of many 
of the workings undertaken by 
men who have no experience in 
subterranean operations. The 
shaft, if such it can be called, is 
about 40 feet deep ; and the reef 
dips with the solid strata at an 
angle of about 60 degrees to the 
horizon. 

The wall of the shaft at a is 
not supported on the footwall by 
props and proper timbenn'r, 
which it should be. as indicated 



by E E E. The windlass at c and the frame-work at d are both e.xceedingly insecure. 
This is the mode of proceeding in a very important working, where almost every 
'piece of quartz broken out contains gold, and also antimony and iron. At the point f 
the quartz reef was exceedingly rich, and there it branches off into small strings, 
yielding 22 ounces of gold to the ton. 

It is not necessar}" here to trace the progress of gold-mining in this colony. The 
quantity of gold discovered and exported has been enormous. Some exceedingly 
large “ nuggets ” have been found ; one in Forest Creek, weighing 27 Ihs. 6 oz. 15 dwts. 
and the Welcome Nugget, weighing 2217 oz. 16 dwts. 

The produce of the gold fields of Victoria in 1856 was as follows : — 


The quantities brought to Melbourne and Geelong by escort, Oz. 

From Castlemain and out-stations - - - - 372,897 

„ Sandhurst and do. - - - . 599,100 

„ Maryborough and do. - _ . . 327,709 

„ Ballarat and do. - - - _ 1,009,822 

„ Beechworth and do. - - . . 334,709 

^ ■ 2,644,2.37 

Brought by private hand ----- 824,322 

Quantity which has evaded duty - - - . 59,411 

In the treasury banks at camp*, &c., and in transitu - 419,190 


Ttifal - - - 3,947,160 oz. 
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The exports of gold from Australia since 1851 have been as follows : — 




Value. 



£ 

1851 

- 

907,113 

2852 

- 

- 9,735,903 

1853 

- 

- 10,445,700 

1854 

- 

- 9,028,759 


Value. 

£ 

1855 - - 11,513,230 

1856 - - 12,740,480 

1857 - 11,764,299 


The quantities 
have been ; — 


of gold exported from New South Wales alone in the same periods 



Quantities. 

Value. 

1851 

ozs. dirts, grs. 
144,120 17 16 

£ #. d. 

468,336 0 0 

1852 

818,751 18 17 

2,660,946 0 0 

1S53 

548,052 19 21 

1,781,172 0 0 

1854 

237,910 13 23» 

773,209 0 0 

1855 

64,384 14 3 

209,250 0 0 

1856 

42,463 17 1 

138,006 0 0 

1857 to 31st March - 

17,088 8 0 

64,081 10 0 


1,872,773 9 9 

6,095,000 10 0 


The remainder being the produce of the gold fields of Victoria. 

Gold has been discovered in some considerable quantities in Tasmania. It has been 
reported as having been found, although as yet not to any great extent, in New Zealand 5 
and it is well known that this precious metal is found in all the islands of the eastern 
Archipelago. 

The recent d'tscovenes of Gold in BritUh Columbia. — The following communication 
from a correspondent to the Victoria Gazette., Vancouver’s Island, is especially 
interesting. It is dated Upper Fraser Fiver., Nov. 28, 1858. 

Magnitude of the Gold-fields of British Columbia, — “ That the auriferous deposits of 
this region are spread over a considerable scope of country is apparent from the fact 
that paying diggings have already been found on the Fraser River, extending from Fort 
Hope almost to Fort Alexander, a continuous distance of nearly 4^miles. Among the 
tributaries of this stream, Thompson and Bridge rivers are kno^ to be auriferous — 
the latter sufficiently so to have already richly rewarded those who have laboured upon 
it as high up as 35 or 40 miles from its mouth, while the former has been ascertained 
to have many bars that will pay in its bed. On two of its confluents — Nicholas and 
Bonaparte Rivers— good diggings are reported to have been recently discovered. How 
many more of the numerous branches of these streams shall yet be found abounding 
in gold remains to be seen, little or no prospecting having thus frr been done upon 
them. Nor is the extent of this gold-field likely to be limited to these rivers and their 
sources. Coarse goId*was found about Six weeks since by some packers while ex- 
ploring for a mule route around Lake Seton. It was discovered on a large creek flow- 
ing into the outfet of the lake at a point about 15 miles from the Fraser. The dust 
was apparently of high standard value : at two places on the Lillooet River bars having 
been found that will warrant working with a sluice. The first of these is on the east 
side of the stream, 10 miles above Port Douglas, where a party are now washing with 
sluices with very satisfactory results. When I passed the spot they had been at work 
but two days ; the first day three men took out SI 4 50c., the next day, SI 8 . They 
showed me the gold, which was fine, like that found on the Lower Fraser. The other 
bar is 20 miles above Port Douglas, it is very extensive, and promises to pay as well 
as the one first named, though it has not yet been worked. Bars similar to these are 
abundant on the Lillooet, and the fact of these having been prospected was owing to 
the accident of a log cabin having been built near them, ai^ not because they seemed 
more likely to contain gold than the others. For 100 miles above the Pavilion, and 
beyond what is termed the Canoe Country, the banks of Fraser River have been proved 
to pay even better than below, the gold being coarser and more easily saved, as well 
as more plentiful. It will thus be seen that the gold-fields of British Columbia, ascer- 
tained to be paying, to say nothing of rumoured discoveries beyond, are tolerably ex- 
tensive. They do not, it is true, rival those of California or Australia in-magnitude; 
but that they cover a large scope of country, and will give employment to a large 
population, is settled beyond controversy or question.” 

Richness of the Mines . — *• To claim that the Fraser River mines are as rich, or that 
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labour has been generally as well rewarded in them as in the mines of California at an 
early day, would be idle. 1 might say much in explanation of the numerous failures that 
attended the first adventurers to these mines, w ithout making myself their apologist — 
how the miners came too soon and in too great numbers — how the river kept up, and 
of the many disadvantages under vhich they laboured ; all might be enlarged upon 
were it not now well known to the public. In regard to this section, however, I may 
say those pioneers who worked here last winter and spring uniformly made large 
wages; and that those who came in since have been able to remain, paying the enormous 
prices they have done for provisions, proves that they must have had good pajing 
claims most of the time. The cost of living here, with other necessary expunditiire>, 
could not have been less than S4 a day to the man, yet I find all have been able to 
defray their current expenses, while many have accumulated large sums — sufficiently 
large in a majority of cases, with those who have been here any length of time, to lay 
in a winter’s stock of provisions, even at the present high prices. That better average 
wages can be made here than in any part of Califomia at present there is no doubt. 
This can be done even with the present want of ditches and indifferent appliances for 
taking out the gold. These diggings, owing to the fineness of the dust and the difficulty 
of saving it, require to be worl^d with sluices — a mode that has been iatrodticcd to 
but a limited extent as yet, owing to the want of lumber, as well as of wheels or ditches 
for supplying water. When sluices shall have been generally brought into use, more 
than twice the amount now realised can be taken out to hand. Another cause that 
will tend to render these mines highly remunerative in the aggregate is. tliat every 
man will be able to secure a claim, and that but little capital will be required for start- 
ing operations; hence every one will enjoy the full fruits nf his own labour, and none 
need remain idle. For this winter, owing to the lateness with which provisions have 
been got in, not much will be doue ; no one here expects it ; the utmost that will lie 
aimed at, as a general thing, will be to make enough to pay expenses of living, to 
prospect a little, and be on hand at the breaking up of winter. With the coming of 
spring large operations will be entered into, and all here entertain the most sanguine 
anticipations, or rather, I should say, fullest confidence as to the results.” 

Tktir durability. — “That these mines will be found not only rich and extensive, 
but also lasting, I am fully satisfied. Apart from their vast extent of surface, the 
diggiiigs at one time thought to be shallow, are now known to rim downward in many 
localities to a good depth. It has lately been ascertained that not only the bars along 
tbe river, but many of the lower benches or table lands contain sufficient gold to pay 
where water can be brought upon them, which in most cases can easily be done. 
These benches are not only numerous, but ofien of great extent, and would afford 
employment for a large number of men for many years to come. Little or no search 
has been made as yet for drift diggings or quartz, though there are abundant indications 
that both, of a paying character, exist. Fine ledges of quartz, in fact, present themselves 
almost everywhere, though no thorough examinatiou has been made of their quality. 
The banks of Bridge River consist of alternate strata of slate and quartz rock, the most 
favourable poss.bie geological formation for gold. I would venture, then, after having 
seen considerable of the mines in this quarter, to express the confident opinion that 
they will prove sufficiently extensive, productive, and lasting to warrant a large im- 
migration to this country in the ensuing season, and that British Columbia is destined 
to become another great gold -producing region, ranking next to California and 
Australia in the amount she will hereafter annually yield of this precious com- 
modity.” 

Such is a general view of tbe gold producing districts of the world. Much fear 
has been expressed least the influx of gold should reduce the value of that metal. 
Since the discovery of the Californian gold-field in 1848, not less than £1 >9,807,184 
sterling has been added to the wealth of Europe and America from the gre.it gold- 
fields of California and Australia. This question cannot be discussed in this place, 
but it is one of the greatest interest, demanding alike the consideration of tbe politician 
and the social philosopher. 

GOLD BEATING. This is the art of reducing gold to extremely thin leaves, by 
beating with a hammer. The processes employed for this purpose may be applied tc> 
other metals, as silver, platinum, and copper. The Romans used to gild the ceilings and 
walls of their apartments ; and Pliny tells us, that from an ounce of gold forming a 
plate of 4 fingers square, about 600 leaves of the same area were hammered. At the 
present day, a piece of gold is extended so as to cover a space 651,590 times greater 
than its pr^ary surface when cast. 

The gold employed in this art ought to be of the finest standard. Alloy hardens 
gold and renders it less malleable ; so that the fraudulent tradesman who should attempt 
to debase the gold, would expose himself to much greater loss in the operations, than 
ho could derive of profit from the alloy. 
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Four principal operations constitute the art of gold beating:— 

1. The casting of the gold ingots. 3. The lamination. 

2. The hammering. 4. The beating. 

1. The gold is melted in a crucible along with a little borax. When it has become 
liquid enough, it is poured out into an ingot-mould previously heated, and greased on 
the inside. The ingot is taken out and annealed in hot ashes, which both soften it and 
free it from grease. The moulds are made of cast-iron, with a somewhat concave in- 
ternal surface, to compensate for the greater contraction of the central parts of the metal 
in cooling than the edges. The ingots weigh about 2 ounces each, and are | of an 
inch broad. 

2. The forifing . — When the ingot is cold, the French gold-beaters hammer it out on 
a mass of steel 4 inches long and 3 broad. The hammer for this purpose is called the 
forging hammer. It weighs about 3 pounds, with a head at one end and a wedge at the 
other, the head presenting a square face of inch. Its handle is 6 inches long. The 
workman reduces the ingot to the thickness of J of an inch at most ; and during this 
operation he anneals it whenever its substance becomes hard and apt to crack. The 
English gold-beaters omit this process of hammering. 

3. The lamination . — The rollers employed for this purpose should be of a most per- 
fectly cylindrical figure, a polished surface, and so powerful as not to bend or yield in 
the operation. The ultimate excellence of the gold leaf depends very much on the pre- 
cision with which the riband is extended in the rolling press. The gold-beater desires 
to have a riband of such thiuaess that a square inch of it will weigh 6^ grains. Fre- 
quent annealings are requisite during the lamination. 

4. Beating . — ^The riband of gold being thus prepared uniform, the gold-beater cuts 
it with shears into small squares of an inch each, having previously divided it with 
compasses, so that the pieces may be of as equal weight as possible. The squares 
are piled over each other in parcels of 150, with a piece of fine calf-skin vellum 
interposed between each, and about 20 extra vellums at tbe top and bottom. These 
vellum leaves are about 4 inches square, on whose centre lie the gold laminge of an 
inch square. This packet is kept together by being thrust iuto a case of strong 
parchment open at tlie ends, so as to form a belt or band, whose open sides are 
covered in by a second case drawn over the packet at right angles to the first. Thus 
the packet becomes sufficiently compact to bear beating with a hammer of 15 or 16 
pounds weight, having a circular face nearly 4 inches diameter, and somewhat convex, 
whereby it strikes the centre of the packet most forcibly, and thus squeezes out the 
plates laterally. 

The beating is performed on a very strong bench or stool, framed to receive a heavy 
block of marble, about 9 inches square on the surface, enclosed upon every side by 
wood-work, except the front, where a leather apron is attached which the workman lays 
before him to preserve any fragments of gold that may fall out of the packet. The 
hammer is short-handled, and is managed by the workman with one band; who strikes 
fairly on the middle of the packet, frequently turning it over to beat both sides alike ; 
a feat dextrously done in the interval of two strokes, so as not to lose a blow. The 
packet is occasionally bent or rolled between tbe hands, to loosen the leaves and Secure 
the ready extension of the gold ; or it is taken to pieces to examine the gold, and to 
shift the central leaves to the outside, and vice versa^ that everything may be equalised. 
Whenever the gold plates have extended under this treatment to nearly the size of the 
vellum, they are removed from the packet, and cut into four equal squares by a knife. 
They are thus reduced to nearly the same size as at first, and are again made up iuto 
packets and enclosed as before, with this difference, that skins prepared from ox-gut 
are now interposed between each gold leaf, instead of vellum. The second course of 
beating is performed with a smaller hammer, about 10 pounds in weight, and is con- 
tinued till the leaves are extended to the size of the skins. During this period, the 
packet must be often folded, to render the gold as loose as possible between the mem- 
branes ; otherwise the leaves are easily chafed and broken. They are once more 
spread on a cushion, and subdivided into four square pieces by means of two pieces of 
cane cut to very sharp edges, and fixed down transversely on a board. This rectan- 
gular cross being applied on each leaf, with slight pressure, divides it into four equal 
portions. These are next made up into a third packet of convenient thickness, and 
finally hammered out to the area of fine gold leaf, whose average size is from 3 to 3 J 
inches square. The leaves will now have obtained an area 192 times greater than the 
plates before the hammering begun. As these were originally an inch square, and 75 
of them weighed an ounce (= x 75 = 4871), surface of the finished leaves 
will be 192 x 75 = 14,400 square inches, or 100 square feet per ounce troy. This 
is by no means the ultimate degree of attenuation, for an ounce may be hammered 
so as to cover 1 60 square feet ; but the waste incident in this case, from the number 
of broken leaves, and the increase and nicety of the labour, make this an unprofitable 
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refinement ; while the gilder finds such thin leaves to make less durable and satis* 
factory work. 

The finished leaves of gold are put up in small books made of single leaves of soft 
paper, rubbed over with red ebaik to prevent adhesion between them. Before putting 
the leaves in these books, however, they are lifted ooe by one with a delicate pair of pin- 
cers out of the finishing packet, and spread out on a leather cushion by blowing them 
flat down. They are then cut to one size, by a sharp-edged square moulding of canc, 
glued on a flat board. When this square*framed edge is pressed upon the gold, it cuts 
it to the desired size and shape. Each book commonly contains 25 gold leaves. 

We must now describe some peculiarities of the French practice of gold beating. The 
workman cuts the laminated ribands of an inch broad into portions an inch and a half 
long. These are called quartiers. He takes 24 of them, which he places exactly over 
each other, so as to form a thickness of about an inch, the riband being ^ of a line, or 
^ of an inch thick ; and he beats them together on a steel slab with the round face 
{panne') of the hammer, so as to stretch them truly out into the square form. He be- 
gins by extending the substance towards tbe edges, thereafter advancing towards the 
middle ; he then does as much on the other side, and finally hammers the centre. By 
repeating this mode of beating a^'often as necessary, he reduces at once all tbe quariiers 
(squares) of the same packet, till none of them is thicker than a leaf of grey paper, and 
of tbe size of a square of 2 inches each side. 

When the qnartiers are brought to this state, the workman takes 56 of them, which 
he piles over each other, and with which he forms tlie first packet (rauchei) in the 
manner already described ; only two leaves of vellum are interposed between each gold 
leaf. The empty leaves of vellum at the top and bottom of the packet are called 
emplures. They are 4 inches square, as well as the parchment pieces. 

The packet thus prepared forms a rectangular parallelepiped ; it is enclosed in two 
sheathes, composed each of several leaves of parchment applied to each, and glued at 
the two sides, forming a bag open at either end. 

The block of black marble is a foot square at top, and 18 inches deep, and is framed 
as above described. The hammer used for beating the first packet is called the flat, 
or the enlarging hammer ; its head is round, about 5 inches in diameter, and very 
slightly convex. It is 6 inches high, and tapers gradually from its head to the other 
extremity, which gives it the form of a hexagonal truncated pyramid. It weighs 14 
or 15 pounds. > 

The French gold-beaters employ besides this hammer, three others of the same 
form ; namely, 1. The commencing hammer^ which weighs 6 or 7 pounds, has a head 
4 inches in diameter, and is more convex than the former. 2. The spreading hammer^ 
(marteau a chasser) ; its head is two inches diameter, more convex than the last, and 
weighs only 4 or 5 pounds. 3, The Jinishing hammer ; it weighs 12 or 13 pound^bas 
a head four inches diameter, and is the most convex of all. 

The beating processes do not differ essentially from the English described above. 
The vellum is rubbed over with fine calcined Paris plaster, with a hare’s foot The 
skin of the gold-beater is a pellicle separated from the outer surface of ox-gut ; but 
before being employed for this purpose, it must undergo two preparations. 1. It 
is sweated, in order to expel any grease it may contain. With this view, each piece 
of membrane is placed between two leaves of white paper ; several of these pairs are 
piled over each other, and struck strongly with a hammer, which drives the grease 
from the gut into the paper. 

2. A body is given to the pieces of gut ; that is, they are moistened with an infusion 
of cinnamon, nutmeg, and other warm and aromatic ingredients, in order to preserve 
them ; an operation repeated after they have been dried in the air. When the leaves 
of skin are dry, they are put in a press, and are now ready for use. After the parch- 
ment, vellum, and gut membrane have been a good deal hammered, they become unfit 
for work, till they are restored to proper flexibility, by being placed leaf by leaf, 
between leaves of white paper, moistened sometimes with vinegar, at others with 
white wine. They are left in this predicament for 3 or 4 hours, under compression 
of a plank loaded with weights. When they have imbibed the proper humidity, they 
are put between leaves of parchment 1 2 inches square, and beat in that situation for 
a whole day. They are then rubbed over with fine calcined gypsum, as the vellum 
was originally. The gut-skin is apt to contract damp in standing, and is therefore 
dried before being used. 

The average thickness of common gold leaf is of an inch. 

GOLD, U^ETALLUKGIC TREATMENT OF. The gold found in the sands of 
rivers, or in auriferous soils, needs not be subjected to any metailurgic process, pro- 
perly speaking. The gold seekers separate it from the sands, by washing them first 
upon inclined tables, sometimes covered with a cloth, and then by hand in wooden 
bowls of a particular form. The methods of working vary in different localities# 
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The people called Bohemians, Cigans, or Tehinganes. TTho wash the auriferous sands 
in Hungary, employ a plank with 24 transverse grooves cut in its surface. They 
hold this plank in an inclined position, and put the sand to be washed in the first 
groove ; they then throw water on it, when the gold mixed with a Utile sand coUects 
usually towards the lowest furrow. They remove this mixture into a flat wooden 
basin, and by a peculiar sleight of hand separate the gold entirely from the sand. 
The richest of the auriferous ores consist of the native gold quite visible, disseminated 
in a gangue, but the veins are seldom continuous for any length. The other ores of 
this district are auriferous metalUc sulphides, such as sulphides of copper, silver, 
arsenic, &c., and particularly iron. 

The stony ores are first ground in the stamping mill, and then washed in hand- 
basins, or on wooden tables. 

The auriferous sulphides are much more common, but much poorer than the former 
ores ; some contain only one 200,000th part of gold, and yet they may be worked with 
advantage, when treated with skill and economy. 

The gold of these ores is separated by two different processes ; namely, by fusion 
and amalgamation. 

The auriferous metallic sulphides are first roasted**, then melted into mattes, which 
are roasted anew ; next fused with lead, whence an auriferous lead is obtained, which 
may be refined by the process of cupellation. 

When the gold ores are very rich, they are melted directly with lead, without pre- 
liminary calcination or fusion. These processes are however little practised, because 
they are less economical and certain than amalgamation, especially when the gold ores 
are very poor. 

If these ores consist of copper pyrites, and if their treatment has been pushed to the 
point of obtaining auriferous rose copper, or even black copper including gold, the 
precious metal cannot be separated by the process of liquation, because the gold, 
having more affinity for copper tlian for lead, can be but partially run off by the latter 
metal. For these reasons the process of amalgamation is far preferable. This process 
being the same for silver, we reserve its full description for that metal. See Silver, 
The rich ores in which the native gold is apparent, and merely disseminated in a 
stony gangue, are directly triturated with quicksilver, without any preparatory opera- 
tion. As to the poor ores, in which the gold seems lost amid a great mass of iron, 
sulphide of copper, &c., they are subjected to a roasting process before being amal- 
gamated. This process seems requisite to lay bare the gold enveloped in the sulphurets. 
The quicksilver with which the ore is now ground seizes the whole of its gold, in 
however small quantity this metal may be present. 

The gold produced by the refining process with lead is free from copper and lead, but 
it may contain iron, tin, or silver. It cannot be separated from iron and tin without 
great difficulty and expense, if the proportion of gold be too small to admit of the em- 
ployment of muriatic acid. 

By cupellati<Hi with lead, gold may be deprived of any antimony united wiUi lt» 

Tin gives gold a remarkable hardness and brittleness ; a piece of gold, exposed for 
some time over a bath of red hot tin, becomes brittle. The same thing happens more 
readily over antimony, from the volatility of this metal.| A two-thonsandth part of 
antimony, bismuth, or lead destroys the ductility of gold. The tin may be got rid of 
by throwing some corrosive sublimate or nitre into a crucible, containing the melted 
alloy. By the first agent, perchloride of tin is volatilised; by the second, &te««ate 
of potash forms, which is carried off in the resulting alkaline scoria. 

Gold treated by the process of amalgamation contains commonly nothing but a little 
silver. The silver is dissolved out by nitric acid, which leaves the gold untouched ; 
but to make this parting with success aud economy on the great scale, several precautions 
must be observed. 

If the gold do not contain fully two-thirds of its weight of silver, this metal, being 
thoroughly enveloped by the gold, is partially screened from the action of the acid. 
Whenever, therefore, it is known by a trial on a small scale, that the silver is much 
below this proportion, we must bring the alloy of gold aud silver to that standard by 
adding the requisite quantity of the latter metal. This process is called quartation. 

This alloy is then granulated or laminated ; and from twice to thrice its weight of 
sulphuric or nitric acid is to be boiled upon it ; and when it is judged that the solu- 
tion has been pushed as far as possible by this first acid, it is decanted, and new acid 
is poured on. Lastly, after having washed the gold, some sulphuric acid is to be boiled 
over it, wliich carries off a two or three thousandth part of silver, whic^ nitric acid 
alone could not dissolve. Thus perfectly pure gold is obtained. 

The silver held in solution by the sulphuric or nitric acid is precipitated in the me- 
tallic state by copper, or in the state of chloride by sea- salt. See Assay, 5lETALi.tfRGY. 
Gold has less affinity for oxygen than any other metal. When alone, it cannot be 
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oxidised by amy d^ree ^beat with contact of air, although in combination with other 
oxidised bodies, it may pass in a state of an oxide, and be even vitrified. The pur- 
ple smoke into which gold leaf is conrerted by an electric discharge is not an oxide, 
for it is equally formed when the discharge is made through it in hydrogen gas. There 
are two oxides of gold ; the first or protoxide is a green powder, which may be ob- 
tained by pouring, in the cold, a solution of potash intq a solution of the metallic 
chloride. It is not durable, but soon changes in the menstruum into metallic gold, 
and peroxide. Its constituents are 9G*13 metal, and 3*87 oxygen. The peroxide is 
best prepared by adding magnesia to a solution of the metallic chloride ; washing the 
precipitate with water till this no longer takes a yellow tint from muriatic acid ; then 
digesting strong nitric acid upon the residuum, which removes the magnesia, and leaves 
the peroxide in the form of a black or dark brown powder, which seems to partake 
more of the properties of a metallic acid than a base. It coutaina 10 77 per cent, of 
oxygen. For the carious combination of gM and tin, called the Pubple Precipitate 
OF Cassius, see Cassius, Piomekts. 

Go/d refining ^ — The following process has baen patented as a foreign invention by 
Mr. W. E. Newton in January, 1851. 

It consists, 1, in reducing arghntiferous or any other gold bullion to a granulated, 
or spongy, or disintegrated molecq|ar condition by fusion therewith of zinc, or some 
other m^^ baser than silver, and the subsequent removal of the zinc by dilute sul- 
phuric or other acid; that is, the reducing of the gold bullion to a state to allow of the 
r^oval by acids of the silver and other impurities contained therein, so as to fit it 
for coinage and other pnrposes without quartation with silver, or any other inter- 
mediate process; and 2, in pulverising, by grinding or concussion, gold bullion ren- 
dered brittle by nnion with lead, solder, or other suitable metal, the silver and other 
imparities being removed by acids in this as In the preceding case, and recovered from 
the acid solution by any of the known chemical means. This operation, if properly 
conducted, will produce fine ductile gold in a state of great purity ; that is, containing 
from 98*5 to 99*5 per cent, of pure gold. 

GOLD-BEATER’S SKIN. This substance is the peritoneal or serous membrane, 
separated from the intestinal tube of the ox, and sometimes from other animals ; it is 
attenuated by being beaten with a hammer, and subsequently prepared so as to resist 
putrefaction. 

GOLD, SlAlfNHSiHMC. A brass composed of from 3 to 4 oz, of zinc to one pound 

of copper. See Brass. 

GOLD, MOSAIC. A brass of very fine colour used in common jewellery. 
Hamilton and Parker’s patent mosaic gold consists of 16^ ounces of zinc to 16 ounces 
of copper. It is of a dark colour when first cast, but on dipping assumes a beautiful 
golden tint. The patentees say, when cooled and broken all yellowness must cease, 
and the tinge vary from reddish fawn or salmon colour, to a light purple or lilac, and 
from that to whiteness. See Brass Alloys. 

GOLD OF PLEASURE. A plant cultivated on the continent for its seeds, which 
yield a fine oil, while its fibres can be employed iu the manufacture of sail-cloth, 
packing, and other coarse articles. It is the Cumelina sativa of botanists. It has not 
attract^ much attention in this country. 

GOLD THREAD, or spun gold, is a fiatted silver-gilt wire, wrapped or laid over a 
thread of yellow silk, by twisting with a wheel or iron bobbins. By the aid of a 
mechanism like the braiding machine, a number of threads may thus be twisted at once 
by one master wheel. The principal nicety consists in so regulating the movements 
that the successive volutions of the flatted wire on each thread may just touch one 
another, and form a continuous covering. The French silver for gilding is said to be 
alloyed with 5 or 6 pennyweights, and ours with 12 pennyweights of copper in the 
pound troy. The gold is applied in leaves of greater or less fiiickness, according to the 
quality of the gilt wire. The smallest proportion fomferly allowed in this country by 
act of parliament was 100 grains of gold to one pound, or 5760 grains of silver; but more 
or less may now be used. The silver rod is encased in the gold leaf, and the compound 
cylinder is then drawn into round wire down to a certain size, which is afterwards 
flatted in a rolling mill, such as is described under Mint. 

The liquor employed by goldsmiths to hriug out a rich colour on the surface of 
their trinkets, is made by dissolving I part of sea-salt, 1 part of alum, 2 parts of nitre, 
in 3 or 4 of water. The pickle or sauce, as it is called, takes up not only the copper 
alloy, hut a notable quantity of gold ; the total amount of which in the Austrian 
empire ha^been estimated annually at 47,000 francs. To recover this gold, the liquor 
is diluted with at least twice its bulk of boiling water, and a solution of very pure green 
sulphate of iron is poured into it. The precipitate of gold is washed upon a filter, 
dried, and purified by melting in a crucible along with a mixture of equal parts of nitre 
and borax. 
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GOLD WIRE, is formed by drawing a cylindrical rod of the metal as pure as may 
be, through a series of holes punched in-an iron plate, diminishing progressively in 
size. The gold, as it is drawn through, becomes hardened by the operation, and re- 
quires frequent annealing. 

GOLDEN MARC ASITE. A name given atone time to the metal zinc. Albertus 
Magnus calls it marehasiia aurea. This was properly a stone, the metallic particles 
of which were so entirely shblimated by fire, that nothing but useless ashes remained 
behind. It contained fixed quicksilver, communicated a colour to metals, on which 
account it was well known to the alchemists, burned in the fire, and was at length en* 
tirely consumed. It was found in various parts, but that at Gaslar was the best, be- 
cause the copper it contained seemed to have in it a mixture of gold. To give this 
copper, however, a still greater resemblance to gold, some tin was added to it, by which 
means it became more brittle. This marchasita also rendered copper white as silver. 
Thus far Albertus. It obtained without doubt the name of marchasita aurea because 
zinc communicates a yellow colour to copper ; and for the same reason the Greeks 
and the Arabians called Cadmia golden, or Aurea.** — Beckmann. 

GULDEN SULPIIURET OP ANTIMONY. St^ium Sidphuratum Auranticum. 
The pentasulphide of antimony, a golden yellow powder, its formula being SbS*. 
See Antimony. 

GONG-GONG, or tam-tam of the Chinese. A kind of cymbal made of a copper 
alloy. See Copper. 

GONIOMETER. An instrument employed to measure the angles of crystals. Thd 
most perfect instrument is the reflecting goniometer of Wollaston. The angle of 
crystsd is measured by determining through what angular space the crystal be 
turned, so that two rays reflected from two surfaces successively shall have the same 
direction. A simpler itbrm of the instrument consists merely of a semicircular gradu- 
ated scale of degrees with a movable and a flxed radius. It is a most important 
instrument to the scientific mineralogist. 

GOSSAN, a Cornish mining term. An oxide of iron, mixed with other matters. 
Gossans are found on the upper portions of lodes, and according to their characters 
arc regarded by the miners as favourable or unfavourable indications. The gossans 
are probably the result of the slow decomposition of the sulphate of iron from the 
fluid in which the metalliferous matter, deposited in the lode, has been precipitated, 
or of the sulphides which may have been previously formed. The gossaits are fre- 
quently very rich in silver, and sometimes they contain gold. 

GOSSIPIUM, The cotton-tree. See Cotton. 

GOVERNOR. A mechanical arrangement usually attributed to Watt, for regu- 
lating the motion of a steam-engine. 

GRADUATOR, A vessel employed in vinegar manufacture. See Acetic 

GRAINS OF PARADi^pk The fruit of several zingiberaceous plants; some- 
times it is called Mallaguetta pepper. Pereira distinguishes between the two, but 
it appears that they commonly pass for the same in commerce. Grains of pai^se 
are imported in casks, barrels, puncheons from the coast of Guinea. Thtj are 
used to give a &ctiUous strei^th and pungency to beer and cordials. 

fiy 56 Geo. III. c, 58, no brewer or dealer in beer dhall have in his possession or 
use grains of paradise, under a penalty of 200/. for each offence : and no druggist shall 
sell it to a brewer under a penalty of 500/. for each offence. 

GRAIN TIN. See Tin. 

GRANITE, in the common and original acceptation of the term, denotes a rock, 
composed of felspar, quartz, and mica. It oftentimes contains, in addition to these, 
some other minerals. 

These component minerals of granite, both essential and accidental, are united 
together by a confused crystallisation, not only mutually penetrating and interfering 
with each other, but sometimes the small crystals of one are completely enveloped in 
the large crystals of a different kind of mineral, and it is a very common occurrence 
for one or even more of these minerals to he developed in large crystals, in a granular 
basis of the whole, so as to constitute a porphyritic granite. This character is gener- 
ally imparted by the felspar, and rarely by the quartz or mica. — Boase. 

The chemical composition of ordinary granite is generally as follows : — 


Silica - 72*3 

Alumina - - - - - - - - - 15 3 

Alkalies 7*4 „ 

Lime and magnesia and iron - - - - - 5 0 


This rock consists generally of about 40 per cent, of felspar, 30 or 40 per cent, of 
quartz, and from 10 to 20 per cent, of mica. 
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The granites of Cornwall have been long celebrated for their exceeding dura- 
bility. Sir Henry de la Beche thus describes the situation of the workable 
granites : — 

“ There is much good granite on Dartmoor, though it is not aln ays sufficiently 
accessible to be carried long distances : the chief places where it is worked in large 
quantities and afterwards exported are. Hey or High Tor on the east, and near King 
Tor on the west. The granite from the former place is conveyed by a tram-road to 
the Stover canal, down which it is carried in boats, and afterwards down the Teign 
to Teignmouth, to be shipped for its destination. That from the west side of the 
moor is conveyed by the Prince’s town and Plymouth tram-road to the latter place 
and shipped. 

“The continuation of the Hingston Down granite is worked up the Tamar near 
New Bridge and exported from Uorwellham. A very hard variety is obt.iined upon 
the higher part of the Down, and has been employed advantageously for pavements. 
• * • The chief quarries in the eastern or hard part of the Hensborough mass 

of granite are those of (the late) Mr. Austin Trcffry, up the Par Valley, commonly 
known as laistwithiel granite. Extensive quarries are there worked, and the stone is 
brought to the head of the ctilial near Pons-mill, upon which it is conveyed to Par 
harbour, and there shipped. * • • The Cam Menelez mass has furnished 

the granite most commonly known as Cornish. It is nearly altogether shipped at 
Penryn, where it is brought variable distances from different quarries in the vicinity, 
many situated in the parish of Mabe.” 

, Since the above report was written, the quarries at the Cheeswring near Liskeard 
have been opened, and stone of a beautiful quality is raised and exported in large 
quantities. The Lamoma quarries have also been worked ; the stone obtained from 
them is of excellent quality, and it can be obtained of almost any size. 

The quantity of granite exported from the several ports of Cornwall in 1855, is 
estimated as being 473,716 feet, or about 35,000 tons, the value of which was at least 
7 5,7001. Of Devonshire granites the quantities exported from the eastern and western 
sides of Dartmoor was probably about 5,000 tons. 

The following great works, amongst many others, have been constructed entirely or 
in part of Cornish pauites. The Penryn and Lamorna granites have supplied Port- 
land Break-water; Keyham Docks for the Steam Navy ; Commercial Docks, London; 
the Hull, Great Western, and Birkenhead Docks, and the National Works at Chatham 
and Popttmouth, together with the Scutari Monument. The plinth for the railings of 
the British Museum was from the Camsew quarries, and the towers, includiug the 
lodge, for gates, &c., from Constantine. From Lamoma blocks of 12 feet square are 
readily obtained ; these quarries produce about 60,000 feet per annum : some stones 
have been raised 25 feet in length and 11 feet in diameter. 

The Cheeswring granite has been used in the London Docks, Westminster Bridge, the 
Thames embankment, Rochester Bridge, the Docks at Copenhagen, the Great B^es 
Lighthouse near the island of Ceylon, and for the tomb of the Duke of Wellington in 
the crypt of St. Paul’s Cathedral. These quarries produce from 8,000 to 10,000 tons 
of stone per annum, and about a similar quantity is annually shipped from the quarries 
near Par. 

The granites of Scotland are chiefly produced from the county of Aberdeen. 

The granite of Aberdeen, especially from the quarries of Dancing Cairn, Rubislaw, 
and Tyrebagger, is much used in the metropolis for kerb and paving stones; some 
red granite is also quarried. Around Peterhead the red granite prevails, hence it is 
usually distinguish^ as the Peterhead granite. The principal quarries are those of 
Black Hill, four miles west of Peterhead, belonging to the Governors of the Merchant 
Maiden Hospital of Edinburgh; those on the estates of the Earl of Errol, — at Bod- 
dam,— at Longhaven, — at Cairagall and at Kova. The Sheerness Docks were built 
mostly with stone from these quarries. The Stirling Hill quarries, at Bodham, fur- 
nished the pillar of the Duke of York’s monument ; the Sealield quarries the abacus. 
The beautiful pillars in the library of the British Museum were obtained from Long- 
haven ; the cost for transport, at the time they were worked, being something almost 
fabulous, so great were the difficulties attending their removal. The pillars in Fish- 
mongers’ Hall are from the Stirling quarries, as are also the bases of the monuments 
of Pitt and Fox ; and the polished pillars of the Carlton Club House, in Pall Mall, 
are from the quarries near Peterhead. 

The granites of Ireland. — The most extensive granite district in Ireland stretches 
south froCi Dublin, through the counties of Wicklow and Carlow into Kilkenny ; it 
occurs on the south-eastern coast of Down, and around New ry ; the range of tfie 
Mourne mountains is granite, which again appears in small and isolated protrusions 
in Derry and Tyrone, and in Cavan. In ^e western portion of Donegal there is a 
large extent of this rock, which here partakes of a gneissose character ; and again, in 
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the west of Galway, granite covers a considerable area. The granite of the Wicklow 
range is the most extensively used. It varies in its quality, that near Kingston being 
coarse and hard, while that from Ballyknocken, or Golden Hill, is much finer, and 
therefore fitted for ornamental work. The granite of Down is of a darker colour and 
finely crystallised. It is extensively quarried at Newry, and sent by water to the 
north of Ireland. 

The Galway granite is of a reddish colour, containing large crystals of flesh red 
felspar. That of Mayo is of a dark bluish grey colour, while that of Tyrone is 
reddish. 

The Irish granite averages 170 lbs. per cubic foot, its extreme weights being 143 
lbs. and 176 lbs. After 88 hours* immersion in water it was found that a cubic foot 
of the granite of Newry and Kingston absorbed about a quarter of a pound, that of 
Carlow nearly two pounds, and the granite of Donegal four pounds of that finid. 
These facts are important in connexion with the use of these rocks for building pur^* 
poses. — Wilkinson s Practical Geology and Ancient Architecture of Ireland. — Sir i?. 
Kane^s Industrial Resources of Ireland. 

Granite is worked to a small extent at Shap Fell Westmoreland, and at Mount 
Sorrel in Leicestershire. The rocks worked as and called the Grooby granite may 
perhaps be more properly termed Sienites, in some cases assuming the character of a 
sienitic granite, in others of a sienitic greenstone. These are worked extensively for 
pitching” and for macadamising roads. 

GRANULATION, is the process by which metals are reduced to minute grains. 
It is effected by pouring them, in a melted state, through an iron cullender pierced 
with small holes, into a body of water ; or directly upon a bundle of twigs immersed in 
water. In this way copper is granulated into bean shot, and silver alloys are granu- 
lated preparatory to refining. See METALLURoy. 

GRAPE SUGAR. So called from its being produced in the grape. See Sugar. 
Its formula is 

GRAPHITE (Plombagine^ Fr. ; Reissblci., Germ.) is a mineral substance of a lead 
or iron grey colour, a metallic lustre, soft to the touch, and staining the fingers with a 
lead grey hue. H*®! to 2. Spec. grav. 2*08 to 2 -45. It is easily scratched, or cut 
with a steel edge, and affords a black streak, displaying the metallic lustre in its in- 
terior. B.B. infusible both alone and with reagents: but bums with great difficulty 
in the outward flame without flame or smoke, generally leaving a residue of oxide of 
iron. It consists of carbon in a peculiar state of aggregation, with an extremely 
minute and apparently accidental impregnation of iron. Graphite, called also plum- 
bago and black lead, occurs in gneiss, mica slate, and their subordinate clay slatea and 
limestones, in the form of masses, veins, and kidney- shaped disseminated pieces. 
It has been found also among the coal strata, as near Cumnock in Ayrshire. 
This substance is employed for counteracting friction between rubbing surfaces 
of wood or metal, for making crucibles and portable furnaces, for ^ving a gloss to 
the surface of cast iron, &c. See Plumbago. 

GRASS OIL. A fragrant oil which is extracted firom a peculiar Indian grass ; 
it is generally called the grass dl of Nemaur, and it probably bears a close relation to 
the spikenard of Scripture. 

GRATE, a mining term. A metal plate pierced with small holes; it is fixed in 
front of the stamps in which the ore is pounded, and through the holes the finely 
divided matter makes its escape. 

GRAUWACKE or GREYWACKE. Grau, grey ; wack^^ clay. A German 
name, often adopted by geologists for some of the most ancient fossiliferous strata. 
The rock is often of a grey colour, hence grau^ German for grey; wache heiag a 
provincial miner’s term. 

The Grey wacke rocks are stratified or slaty rocks, which may be regarded as bear- 
ing the same relation to clay slates that argillaceous sandstones and conglomerates 
bear to common clay. Argillaceous slate, by including rolled fragments or minute 
graius of quartz sand, with or without mica, becomes the grauwache or grauwaeke slate 
of Werner. Although at one period the term grauwaeke or greywack4 was employed 
to include the Cambrian and Silurian slates, the term has now nearly dropped out 
of the geological nomenclature. 

GRAVITY. The term usually applied to the action of the earth’s gravitation. 
GRAVITY, SPECIFIC. The difference in weight between a given mass of any 
body weighed in air, and the same mass weighed in water, is its specific gravity. For 
a description of the several methods by which the specific gravity of any bo3y, either 
solid, fluid, or aeriform, may be determined, we must refer to Ure*s Dictionary of 
Chemistry^ or to any works treating of the manipulating details of physic or chemistry. 
The following table may be found useful : — 

VoL. IL D D 
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Table of Specific Gravity. 


Metals. 



Stones, 

Eaetrs, 

&c. 


Names. 

Weight,' Number 
water ‘of cubic 

Weight 

ofacubk 

Names. 

Weight, 

water 

Weight 

ofacublt 

Number 
of cubic 

being 

looa 

Inches in 
a lb. 

inch, in 
lbs. 

being 

1000. 

foot, in 
lbs. 

feet in a 
ton. 

Platina 

19500 

1-417 

-7053 

Marble, average • 
Granite, ditto 

2720 

170-00 

13 

Pure gold - 

19258 

1-435 

-6965 

2651 

165-68 

134 

Mercury - 

13560 

2-038 

-4904 

Pnrbeck stone - 

2601 

162-56 

13| 

Lead - - • 

11352 

2-435 

•4105 

Portland ditto » 

2570 

160-62 

14 

Pure silver 

10474 

2-638 

-3788 

Bristol ditto 

2554 

159-62 

14 

Bismuth 

9823 

2-814 

*3552 

Millstone - 

2484 

155-25 


Copper, east 

8788 

3-146 

-3178 

Paving stone 

2415 

150-93 

uf 

sheet 

8910 

3‘103 

3225 

Craigleith ditto - 

2362 

147-62 

15 

Brass, cast - 

7824 

3-533 

•3036 

Grindstone 

2143 

133-93 

16} 

— sheet 

8396 

3-293 

-3037 

Cbalk, British - 

2781 

173-81 

12| 

Iron, cast - 

7264 

3*806 

•263 

Brick- 

2000 

125-00 

17 

— bar - 

7700 

3*592 

•279 

Coal, Scotch 

1300 

81-15 

274 

Steel, soft - 

7833 

3-530 

•2833 

— Newcastle • 

1270 

79-37 

28} 

— hard - 

7816 

3-537 

-2827 

— Staffordshire 

1240 

77-50 

29 

Tin, cast - 
Zinc, cast - 

7291 

7190 

3-790 

3-845 

*2636 

•26 

— Cannel 

1238 

77-37 

29 


GREEN EBONY of Jamaica. Thi« is a wood of a brown green colour. It is 
derived from the Amerimnvm Ebenue, aod is used in turnery and for marquetry work. 
— See M.vaqiTETRT and PAaqcETRT. 

OREENHEART. A wo^ brought from Jamaica and Guiana, the produce of 
the Laurtu chtaroxylon. It is used in shipbuilding. Bancroft, in bis Guiana, thus 
describes it : “ The Sipiera or Greenheart tree is in size like the locust-tree, about 60 
or 70 feet high ; there are two species, the black and the yellow, differing only in the 
colour of their bark and wood.” 

GREEN PAINTS. ( Co«/eur» rerfes, Fr. ; Grine pigmenle. Germ.} Green, which 
is so common a colour in the vegetable kingdom, is rare in the mineral. There is 
only one metal, copper, which aiSbrds in its combinations the various shades of 
green in general use. The other metals capable of producing this colour are, chro- 
mium in its sesquioxide, nickel in its hydrated oxide, as well as its salts, the sele- 
niatc, arseniate, and sulphate ; titanium in its prussiate ; and some of the salts of 
uranium. , 

Green pigments are prepared also by the mixture of yellows and blues ; as, for ex- 
ample, the ^een of Rinman and of Gellert, obtained by the mixture of cobalt blue and 
flowers of zinc ; that of Barth, madewrith yellow lake, prussian blue, and clay ; but 
these paints seldom appear in the market, because the greens are generally extempo- 
raneous preparations of the artists. 

Mountain green consists of the hydrate, oxide, or carbonate of copper, either factitious 
or as found in nature. 

Bremen OT Brunswick green is a mixture of carbonate of eopper with chalk or Kmc, 
and sometimes a little magnesia or ammonia. It is improved by an admixture of white 
lead. It may be prepared by adding ammonia to a mixed stdution sulphate of cop- 
per and alum. 

Frise green is prepared with sulphate of copper and sal ammoniac. 

Mutis green is an arseniate of copper, made by mixing a solution of acetate or sul- 
phate of copper with arsenite of potash. It is in fact Scheele’s green. 

Sap green is the inspissated juice of buckthorn berries. These are allowed to fer- 
ment for 8 days in a tub, then put in a press, adding a little alum to the juice, and 
concentrated by gentle evaporation. It is lastly put up in pigs’ bladders, where it 
becomes dry and hard. See Colocrs, Table of. 

GREi^SAND. The term greensand applies to the strata lying between the Chalk 
and the Wealden deposits. They are of marine origin, as is denoted by the presence 
throughout their entire thickness of sea-shells, and are divided into an upper and 
lower scries, separated by a stratum of clay, called Gault (which see). The Upper 
Greensand, which underlies the Chalk Marl, is composed chiefly of ealmtreous mnd m 
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the lover, and Sandstone and layers of Chert in the uppermost part (see Fire8toi{e). 
The sandstone affords a good and durable building stone. The Chert is well adapted 
from its toughness for making roads, and the sandy portion, in addition to its usel^ 
ness as a component of mortar, furnishes an excellent agricultural soil, from the cal- 
careous matter it contains, in addition to the large percentage of soluble silica entering 
into its composition, which sometimes amounts to more than 40 per cent. In Sussex, 
Surrey, and Kent, the land based upon the Upper Greensand is known by the name 
of malm, and produces the greater part of the hops for which those counties are cele- 
brated. In the neighbourhood of Godstone and Merstham, in Surrey, extensive 
quarries are driven into the hills, at the base of the chalk downs, for the purp<»e of 
procuring the soft and chalky stone which occurs there in the higher portion of the 
Upper Greensand, for which there is a large demand in London, for cleaning door-steps, 
and stonework in the fronts of houses, under the name of hearthstcmes, A plentiful 
supply of pure water is borne up by the impermeable strata, forming the uppermost 
part of the upper greensand, which finds its way out of the ground near the base of 
the chalk, and forms the sources of many streams and rivers. 

The Lower GreenscCnd consists of alternations of saiuds, sandstones, and clays, which 
are often very ferruginous, so much so sometimes as to constitute a siliceous ore of 
iron, as is the case at Seend in Gloucestershire, and Shotover in Oxford. The fer- 
ruginous sands form the iron-sand of Dr. Smith. The Lower Greensand, also, contains 
beds of Fuller’s Earth, wHch are worked at Reigate, and furnishes a durable and useful 
building stoue, known by the name of Kentish Rag, and quarried extensively in the 
neighbourhood of Maidstone. 

The term Greensand, though applied to deposits of considerable thickness, k, in fact, 
only strictly applicable to certain minor portions of them, which are marked by the 
presence of minute grains of green silicate of iron (the glauconite of American miner- 
alogists). These inipart a colour to the beds iu which they occur, which has given 
the name to the entire formation. — H. W. B. 

GREEN SLOKE. i7/fa the broad green laver. See ALOiE. 

GREENSTONE. Miiieralogically, greenstone or diabase is pyroxene with Labra- 
dorite or oligoclase. Popularly, the term is applied to varieties of trap. “Green- 
stone is a dark and heavy blackish-green or brownish rock, consisting of felspar 
and hornblende; it usually has a crystalline texture, but is sometimes compact” 
— Dana. 

GREEN ULTRAMARINE. This is artificially prepared in France and Germany, 
and employed, instead of the arsenical greens, for printing upon cotton and paper 
Ultramarine. 

GREEN VITRIOL. Sulphate of iron. 

GRENADA COCUS or GREKADILLO. This wood, imported from the "West 
Indies, is called red ebony by the French cabinet- makers. 

GREY DYE. ( Teinture grise^ Fr. ; Graufarbe^ Germ.) The grey dyes, in their 
numerous shades, are merely various tints o(black, in a more or less dilated state, 
from the deepest to the lightest hue. / 

The dyeing materials are essentially the tannic and gallic acid of galls or other 
astringents, along with the sulphate or acetate of iron, and occasionally wine stone or 
crude tartar. grey is given forSO pounds of woollen stuff, by one pound of gall nuts, 

J lb. of wine stone, and lbs. of sulphate of iron. The galls and the wine stone being 
boiled with from 70 to 80 pounds of water, the stuff is to be turned through the 
decoction at a boiling heat for half an hour, then taken out, when the bath being re- 
freshed with cold water, the copperas is to be added, and, as soon as it is dis.solved, the 
stuff is to be put in and fully dyed. Or, for 36 pounds of wool ; 2 pounds of tartar, 
^ pound of galls, 3 pounds of sumach, and 2 pounds of sulphate of iron are to be 
taken The tartar being dissolved in 80 pounds of boiling water, he wool is to be 
turned through the solution for half an hour, and then taken out The copper being 
filled up to its former level with fresh water, the decoction of the galls and sumach is 
to be poured in, and the wool boiled for half an hour in the bath* The wood is then 
taken out, while the copperas is being added and dis«)lved ; after which it is replaced 
in the bath, and dyed grey with a gentle heat. 

If the grey is to have a yellow cast, instead of the tartar, its own weight of alum 
is to be taken ; instead of the galls, one pound of old fustic ; instead of the copperas, 
J of a pound of Saltzburg vitriol, which consists, in 22| parts, of 17 of sulphate of 
iron, and 5g of sulphate of copper ; then proceed as above directed. Ow the stuff 
may be first stained in a hath of fustic, next in a weak bath of galls with a little 
alum ; then the wool being taken out, a little vitriol (common or Saltzburg) is to be 
put in, previously dissolved in a decoction of logwood; and in this bath the dye is 
completed. * 
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Pearl-grey is produced by passing the stuff first through a decoction of sumach and 
logwood (2 lbs. of the former to 1 of the latter),- afterwards through a dilute solution 
of sulphate or acetate of iron ; and finishing it in a weak bath of weld containing a 
little alum. Mouse-grey is obtained when, with the same proportions as for ash-grey, 
a small quantity of alum is introduced. 

For several other shades, as tawny-grey, iron-grey, and slate-grey, the stuff 
must receive a previous blue ground by dipping it in the indigo vat; then it is 
passed first through a boiling bath of sumach with galls, and lastly through the 
same bath at a lower temperature after it has received the proper quantity of solution 
of iron. 

For dyeing silk grey, fustet, logwood, sumach, and elder- tree bark, are employed 
instead of galls. Archil and annotto are frequently used to soften and beautify the 
tint. 

The mode of prodncing grey dyes upon cotton has been explained in the articles 
Calico Printing and Dyeing. 

GRINDING AND CRUSHING MACHINERY. Crushing Mitt. This 
machine was introduced into the mines of Cornwall and Devon in the early part of 
the present century. In its simplest form it consists of two rollers mounted in a strong 
iron frame, and kept in contact by means of screws ; motion is communicated to one 
of the rolls, either by a water-wheel or steam-engine, but the other is made to revolve 
by the friction generated between the moving roll and the stuff to be crushed. This 
mill is usually employed for reducing mineral substances which have already received 
some mechanical preparation, but machines have been contrived with a series of rolls, 
set below each other, into which the stuff is introduced as brought from the lode 
under-ground. lu order to effect this operation, the upper rolls are fluted, and the 
lower ones have various speeds and diameters, but it may be remarked that although 
this arrangement has been somewhat extensively employed in the north of England, 
yet it has found few advocates either in Wales or Cornwall. 

The practice of keeping the rolls together by screws acting on the bearings is ob- 
jectionable, since the entrance of a piece of steel, or other hard substance of greater 
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width than the fixed opening between the rolls, immediately produces a stoppage and 
strains the apparatus, or otherwise causes serious breakages to some of the parts. lu 
order to obviate these evils, the rolls are usually adjusted and kept in position by 
weighted levers pressing on their axis. 

As the machines employed in Cornwall may be considered the Most effective in 
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operation as -well as complete in their construction, that type is selected for repre- 
sentation. 

B B {fig. 923), are the crushing rollers fitted in a strong frame-Trork of cast iron, 
■which is stayed hy a, wrought iron bar b, and firmly bolted to longitudinal beams in- 
serted in the walls of the crushing-house- The rollers revolve in bearings, which are so 
arranged as to slide in grooves, and therefore admit of the cylinders being brought 
nearer to or separated farther from each other. To keep the rollers in contact and 
yet allow the action to take place, a weighted lever a is placed on each side, which by 
means of tension bars connected with one of the bearings, keeps a constant pressure 
upon the rollers. The ore to be crushed is lodged upon a floor c, and introduced into a 
hopper D, from which it falls between the rolls ; the requisite crushing pressure being 
attained by increasing or decreasing the weights applied to the end of the lever. The 
crushed ore passes from between the rollers b b into the higher extremity of an in- 
clined cylinder e, made of coarse gauze, or perforated plate, which being set in 
motion by the same power as the rollers themselves, separates the pulverised material 
into two classes. That portion which passes through the sieve falls into a waggon 
placed on the floor of the house, whilst the other, which is too large to escape through 
the openings, is carried to the lower end of the cylinfter from whence it passes into an 
inverted bucket-wheel f, by which it is again conveyed into the hopper to be re- 
crushed. 

The modifications to the foregoing arrangement may be thus briefly noticed. 

In some machines the feed hopper is made of sufficient capacity to hold from 20 to 
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fine staff. In connection with each division, is a cjilindrical riddle revolving and 
separating the work according to the fineness or coarseness of the mesh employed. 

A circular sieve divided midway into two parts, each of a different mesh, is in 
some instances, advantageously substituted for two sets of sieves ; whilst, in other 
cases, circnlar sieves are omitt^, the operation of sizing being performed by fixing 
perforated plates on the periphery of the invert^ wheel. 

Instead of one roll being drawn towards the other, they are more commonly kept 
in contact by direct pressnre, which is effected as shown in figs. 924, 925. 

A, lever hung to the cast-iron frame n at c, and pressing upon pin at d. MTien it 
is required to change the rollers, the pressure resulting from the lever A and weighted 
box E, is relieved by means of the screw tackle F. 

The considerations which should be attended to in constmcting a cmshing mill, 
are, first to make all the parts sufficiently strong to meet the varying resistances which 
continually occur in crashing. For this purpose, the framework to receive the rolls 
ought to be of good cast iron, the axles eff the rollers of best wrought iron, and the 
cylinders of the hardest and most uniform roetak* 2ndly. To design the machine, so 
that the matter to be crashed raa,j be readily delivered into the hopper, sized by the 
circular sieve8,for the dressing ^ocess, and such portions as are not properly crashed, 
returned to the rolls without the intervention of manual labour. In order to effect 
this, the inverted, or raff wheel D, fig. 925, shown in section, ought to be made of 
sufficient diameter to allow the stuff, on being discharged, to descend by its own 
gravity, into the feed-hopper. 3rdly. To extend from the axis of the rollers, long 
tumbling shafts, A A, fig. 925, and fix on their ends the driving wheels B B, allow- 
ing a little play in the plummer blocks, so that any undue opening of the rolls 
may not vary the pitch line of the wheels, B b, to such an extent as to endanger the 
safety of the teeth. 4thly. To construct the roll so that it may he readily changed, 
yet maintained on its axis without slipping when in motion. One of the most efficient 
plans for this purpose, is shown in the following woodcut, in which A is the axis or 
arbor, and D the roli 
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It will be seen that the cylinder roll is fitted with four internal projections ; these 
are of the same length as the portion of the groove marked B b', but no wider than 
the narrower part of the groove c. When the cylinder is to be fixed on the axis, the 
studs arc introduced into the recesses c, and the cylinder advanced into its working 
position, when it is turned until the studs fit into that portion of the recess between 
E b', and which are then wedged to the roll by a close-fitting cutter. 

5thly. The diameter of the rolls should be decreased, and the length increased in 
proportion to the fineness of the stuff to be crushed, since a fine material requires a 
longeb line of contact, and not so large a grip as coarser substances. 

In practice it has been found advantageous to make the roller placed on the driving 
shaft somewhat longer than that which is opposite, and to work the rolls by spur 
gearing rather than by friction, since the latter is proved to furnish less economical 
results than the former. It has also been found injudicious to harden the rolls by 
chilling ; hence ordinary sand cast rolls are most frequently employed. 

The speed of the rolls varies ftom 45 to 60 feet per minute, but this necessarily 
differs with the character of the stuff to be emshed. Again great variation is ex - 
perienced in the quantities crushed within a given period, since a small amount of 
moisture in vein stuff of a certain class, makes it cake, and will thus considerably 
reduce the produce of the mill On the other band, if the matter operated upon, be 
very dry, heavy, and brittle, as in the case of some varieties of lead ore, the produce 
may be much increased, since the mill can be driven at a great speed ; a less bulk 
will have to pass for a given weight, and there will be a smaller quantity of material 
carried back by the raff wheel to be recrushed. 

Variable speeds have sometimes been tried in order to produce friction together 
with pressure at the line of contact, but it has been found that any departure Irom a 
uniform spervd on the two surfaces, aWrbs a considerable additional amount of power, 
without materially an^enting the results. 

The various dimaisions and velocities of the rolls, crushing force, and power em- 
ployed, effective valup of different mills, &c., now in use, may ft gathered by referring 
to the following table 
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V li |a ? 
? ^ SB |s I 
I ■ 1 . “*5 oS ii 
ft ft 's|- II' || 

sl || II Is 


Grassington Mines 27 
Minera . . .14 

Cwmjrstwith No, 1 27 
No. 2 27 
Goginaa . . 30 

Cwm Erfin . . 27 

Lisburne No. 1 . 27 
„ No. 2 . 27 
Derwent . . 27 

Goldscope, (2 ^ets 
of rolls, 1 fluted, 
other plain). . 14 
East Darren . 30 
CefnCwmBrwyno 20 
Lisburne No. 3 . 18 


12 M 5593 91 

M 8 4920 73i 

14 4 4743 78 

14 41 5341 85 

14 61 7254 39 


14 7^ 8902 293 

15 6 7632 li'O 

15 6 7632 221 

14 


Wheal Friendship 23 
Pontgibaud • ,25 

Devon Great Gon« 
sols. ^ 

Fabrica la Con> 
stante, Spain, 

No. I . . 24 

„ No. 2 . 27 


18 14 11060 6 

18 6 99% 207 

13 5 4080 84 

16 8 6432 169 

IS 16 12706 61 

19 10 8670 123 

12 12| 12075 36 

22 7 16443 458 


15 to 11300 147 
15 10 12720 no 



„ No. 3 . 24 12 16 14464 84 

„ No. 4 . 27 15 15 19080 93 


Arrastre or taAona.— This machine is extensively employed in the mining districts 
of Mexico, for grinding silver ores previous to their amalgamation. 

It consists of a strong vrooden axle a (Jig. 927X moving on a spindle in a beam b above 



it, and resting on an iron pivot beneath, turning in an iron bearing, whicWs inserted 
into a post of wood c, which rises about a foot above the ground in the centre of the 
arrastre. The shaft a is crossed at right angles by two strong spars d d, which form 
four arm^ each about 5 feet long, one excepted, which is 9 feet long, to admit of two 
mules being attached to it j by this arm th^ machine is worked^ The grinding is per- 

1> D 4 
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formed hj fonr large porphyritic or basaltic stones, two of which are shown, e e. 
These are loosely attached by thongs of leather, or small sized rope, to the four arms, and 
are dragged round over the ore, which is put in with water, nntil it is ground to a rery 
fine slime or mud, called the lama. One of these machines, when in good working condi- 
tion, will grind from 600 to 800 pounds weight of ore in twenty-four hours. In Gua- 
naxuato, where the best and finest grinding is obtained in the arrastres, the lining or 
foundation and the grinding stones, are of course, grained porphyry, and form a 
rough surface. The cost of this apparatus in Mexico, including the paving of the 
bottom, and the fonr metapiles or stones, is on an average 7l. The original weight 
of a metapile, is about 700 pounds, its dimensions are 2 fret 8 inches long, 18 inches 
broad, and 18 inches deep. Notwithstanding the hardness of the stones employed, 
they are so worn as to become unserviceable in the conise of ten or twelve weeks ; the 
bottom, however, is only replaced once in twelve months. 

This apparatus is well suited to patio amalgamation, but it affords bad results for 
the power expended. 

JEdge mill. — This machine is employed for the purpose of reducing gold and 
silver ores to an impalpable powder. It is also used extensively in grinding fiiuts 
stones, slags, and a variety of other products. However much the details of this 
apparatus may vary, its principle is the same in all cases. Two vertical runners 
rotate on the outer circumference of a flat or slightly conical hasin and afford a 
frictional or grinding area equal to the difference of distance performed by the inner 
and outer edges. 

The subjoined woodcut, fig. 928, represents a mill constructed at the.Mould Foundry, 



Flintshire. A, rotating pan, resting upon frictional wheels B ; c, vertical shaft firmly 
keyed to pan a, to which motion is communicated by wheel gearing b. The runners 
B E revolve on arm f, and may be of cast iron or of stone bound with a ring of iron. 
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These runners have no progressive motion hut have free play to rise or fall on axis c, 
and in the stay slots G G. 

The following dimensions and particnlars are derived from one of the edge mills 
recently working at the Fabrica La Constante in the province of Guadalajara, Spain. 

Diameter of edge runner ----- 6 feet 

Width of do. do. . - . . . Centre 20 in. edge 16 in. 

Weight of do. do. ----- 3 tons 15 cwt. 

Speed of runner ------- 200 feet per minute. 

Diameter of interior circle of runner - - - 4 feet 

Gauge of stnfif previons to its being ground - - 10 holes to the lineal inch. 

Do. after it leaves the mill - - - 60 „ „ 

Quantity of staff reduced per 10 hours - - - 350 lbs. 

Horse power employed ------ 7. 

In some machines erected at the Real-del-Monte mines in Mexico the stones were 
6 feet in diameter and 12 inches wide. They were fitted with a ring of wrought iron 
3 inches thick. Each pair of runners revolved round a centre on its own axis, in a 
cast iron basin of which the bottom was 7 inches thick. At first good results were 
obtained, each mill if kept constantly at work gronndnearly ten tons per week ; but as 
their axles, and particularly the wrought iron rings and cast iron bottoms, began to 
wear hollow and to lose an even surface, the grinding rapidly diminished, and with 
one year’s work they were completely worn out. 

The chief advantage of this machine is its simplicity of construction and consequent 
small first cost fbnt all its parts require to be made of great strength, and therefore of 
proportionate weight ; hence, in addition to the rapid wear to which it is liable, this 
apparatus becomes objectionable for countries where transit of heavy machinery is 
more than ordinarily difficult and expensive. 



- TJonzfmtal miH — For the purpose of reducing auriferous and argentiferous ores to 
an exceedingly dne powder, and where dry grinding is essential, no apparsto has 
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been found more effectual than the horizontal mill. It affords the largest area of 
frictional surface for the least wear and tear, and accomplishes equal results at a cost 
not exceeding one-fourth of that incident to the edge mill. 

Xhe construction of the horizontal mill will be rendered intelligible by the aid of the 
preceding illustration, 929, in which one pair of stones is shown in section. A is a 
circular hopper, into which the stuff to be ground is introduced ; n B, small pipes of 
sheet iron, for delivering the stuff between the surfaces of the runner c and b^-stone 
c'; D, casing enclosing the runner into which the ground material is delivered; 
E, hole in centre of runner ; f, driving-shaft, with continuation shaft o, for giving 
motion to a Jacob’s ladder if requisite ; H h', regulating screw for elevating runner c ; 
J, driving-wheel ; K, crown-wheel ; h, wheel giving motion to pinions m m' ; and N, 
vertical shaft, to drive any supplementary apparatus which may be requiring such, as 
sizing sieve, &e. Four pairs of stones are nsnally driven by the wheel r.. The 
surface of the runner is in contact with the bed-stone, from the periphery to within 
one-third of its diameter. The line of the runner then feathers upwards, in order to 
receive the stuff fteely and to equalise the resistance thronghont the area of the bed- 
stone. 

The following particulars wilT convey much practical informaffon relative to this 
machine : — 


Diameter of stones - . - - 

Thickness of bed-stone . - - 

Ditto nmner . - - - 

No. of revolutions of stone per minute - 
Gauge of stuff in stopper . - - 

Ditto on delivery - - - 

Quantity of stuff ground per 10 hours - 
Power employed in horses ... 
Revolutions of sizing sieve ... 
Diameter of ditto ... 

Length of ditto ... 

No. of holes per square inch in sizing sieve 

Character of runner .... 

Ditto bed-stone ... 

Dnration of runner .... 

Ditto bed-stone .... 
When dressed . . . . - 


4 feet 2 inches. 

12 inches. 

14 inches. 

108. 

100 holes to the square inch. 

3600 ditto. 

1 ton per pair of stones. 

About 5 per ditto. 

23 per minute. 

30 inches. 

108. 

3600. 

Coarse conglofoerate. 

Compact quartz, moderately hard. 
Average 18 weeks. 

Ditto 22 ditto. 

Every third day. 

by these several 


From a scries of practical experiments made on the same stuff 
mills, the following results have been obtained : — 



No. of Holea 

Quantity of 




persq.in in 

Stuff ground 

Horse Power. 

Colt per Ton 


Sizing Sieve. 

in ]0 Hours. 





Cwts. 



1. Horizontal mill ... 

3600 

20 

5 

2 3 

2. Crashing mill - 

3600 

13 

5 

1 7 

3. Edge mill .... 

3600 

13 

7 

6 10 


V . JU. 

The crushing machines which are in general nse at Alston Moor and the northern 
mines of this country, and where they have been employed for upwards of fifty years, 
differ in some respects from those d^ribed. 

This machine is composed of one pair of fiuted cylinders, x x,fig. 930, and of two 
pairs of smooth cylinders, z z, z' which serve altogether for crushing the ore. The 
two cylinders of each of the three pairs turn simultaneonsly in an inverse direction, by 
means of two toothed wheels, as at m, fig. 931, upon the shaft of every cylinder, which 
work by pairs in one another. The motion is given by a single water wheel, of which 
the circle a a a represents the outer circumference. One of the fluted cylinders is 
placed in the prolongation of the shaft of this wheel, which carries besides a cast iron 
toothed whTOl, geered with the toothed wheels e e, fixed upon the ends of two of the 
smooth cylinders. Above the fluted cylinders there is a hopper, which discharges 
down betwe* them, by means of a particular mechanism, the ore brought forward by 
the waggons A. The^ waggons advance upon a railway, stop above the hopper, and 
empty their contents into it through a trap-hole, which opens outwardly in the middle 
of their bottom. Below the hopper there U a small backet called a shoe, into which 
the ore is shaken down, and which throws it without ceasing upon the cylinders^ 
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in consequence of the constant jolts given it by a crank-rod, i (Jig- 931)» attached 
to it, and moved by the teeth of the wheel w. The shoe is so regulated, that too 
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much ore can never fall upon the cylinders and obstruct their movement. A small 
stream of water is likewise let into the shoe, which spreads over the cylinders, and 
prevents them from growing hot. The ore, after passing between the fluted rollers, 
falls upon the inclined planes N K, which turn it over to one or other of the pairs of 
smooth rolls. 

These are the essential parts of this machine ; they are made of iron, and the smooth 
ones are case hardened, or chilled, by being cast in iron moulds. The gudgeons of 
both kinds move in brass bushes fixed upon iron supports k, made fast by bolts to the 
strong wood- work basis of the whole machine. Each of the horizontal bars has an 
oblong slot, at one of whose ends is solidly fixed one of the plummer-block or bearers 
of one of the cylinders /, and in the rest of the slot the plummer-blocks of the other 
cylinder g slides ; a construction which permits the two cylinders to come into contact, 
or to rec^e to, such a distance from each other os circumstances may require. The 
movable cylinder is approximated to the fixed ones by means of the iron levers x x, 
which carry at their ends the weights p, and rest npon wedges M, which may be slidden 
upon the inclined plane N. These wedges then press the iron bar o, and make it ap- 
proach the movable cylinder by advancing the plummer-block which supports its axis. 
When matters are so arranged, should a very large or hard piece present itself to one 
of the pairs of cylinders, one of the rollers would move away, and let the piece pass 
without doing injury to the mechanism. 

Besides the three pairs of cylinders which constitute essentially each crushing machine, 
there is sometimes a fourth, which serves to crush the ore when not in large fragments, 
for example, the chats and cuttings (the moderately rich and poorer pieces), produced 
by the first sifting with the brake sieve. The cylinders composing that accessory 
piece, which, on account of their ordinary use, are called chats-roUers, arc smooth, 
and similar to the rollers z z and z' z'. The one of them is usually placed upon the 
prolongation of the shaft of the water-wheel, of the side opposite to the principal 
machine ; and the other, which is placed alongside, receives its motion from the first, 
by means of toothed wheel-work. 

Mackworth's Patent Crushing Rollers, figs. 932 and 933, for Coal and other 
Minerals. These rollers are made conical to equalise the wear, and as one roller 
travels faster than the other, the fragments are partially turned over, so as to 
present their weakest line of fracture to the direction of the crushing force. Less 
power is required to work these rollers. In lieu of the counterbalance weight usually 
employed to allow the rollers to separate and pass excessively hard fraginents, and to 
bring the rollers together again, the machine is made more compact and simplified by 
connecting 2 brass collars, in which the rollers work by a number of bands or cords, 
of vulcanised indiarubber strongly stretched. A compound cord of indismbber, 
3 inches in diameter, composed of 144 small and separate cords, when stretched 
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to doable h* notnral length gives a strain of 3 tons, 
revolve. 

932 


The brass collars do not 
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GRINDSTONE. Grinding-stones or grit-stones, are varieties of sandstone, most 
of those which are celebrated being obtained from the sandstones and millstone grits 
of the coal measures. Mr. Knight describes the best known varieties, which are the 
following:.— 

Newcastle GmirDSTONES. These abound in the coal districts of Northumberland, 
Durham, Yorkshire, and Derbyshire. They are selected of different degrees of coarse- 
ness and density, according to the work for which they are required. 

Bilston Gbutostone is a similar description of stone, of great excellence, of a 
lighter colour, much finer, and of a very sharp nature, and at the same time not too 
hard. It is confined to a small spot of limited extent near Bilston in Staffordshire, 
where it lies above the coal. 
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WicKEBSLEY GRINDSTONES. These are obtained from a village about 9 miles east of 
Sheffield, and are much used for the finer description of edge tools. 

Shefiield Grindstone. A hard coarse grit stone, used for grindlnglarge files and 
the like ; it is obtained from Hardsley, about 14 miles north of Sheffield. 

Devonshire Batts, are obtained near Collumpton, 

Yorkshire Grit and Congeeton Grit, are other varieties from vfhich grind- 
stones are manufactured. 

Burr Stones. These are very celebrated; they arc found at La Ferte-sous- 
jouavre (Seine et Maine), and are said to be unequalled for grist mills. The combined 
roughness and hardness of this tertiary quartz deposit give it immense advantages. 
The stones formed of this rock are usually pieced, vrhich renders them very expensive. 

GRIT. A peculiar hard sandstone. See Milestone Grit. 

GROATS, EMBDEN. — When oats are deprived of their integuments, they are 
called groats, and when these are crushed, they are known as Embden groats. Oatmeal 
is prepared by grinding the grains. 

GROVE or GROOVE. A mining term in Derbyshire. “The mine, or work that 
a man is employed in. Hence it is, if a question be asked. Where is Tom to day? — He 
is gone to the groove, he is at the groove. Sometifaes it is used for the ,shaft, and 
miners are commonly called groovers.” — Hooaon’s Miner’s Dictionary. 

GROWAN. A local term ap|ilied in Cornwall to granite in an imperfect state, 
either through decomposition, or irregular formation. It is said that the term is some- 
times applied to the solid granite. We have never heard it so used, and the miners 
and the quarrymen draw a well defined line between a granite and a growan. 

GUAIACUM. (tjuiac, Fr. ; Guajaharz, Germ.) Both the wood and resin are 
imported ; they are used medicinally. It is known that, after the discovery of the 
New World, when the first syphtlitic diseases showed themselves in Europe, the origin 
of which was erroneously ascribed to Santo Domingo, the guaiacum wood was con- 
sidered as specific against this disease. The historian Herrera informs us that one 
pound of the wood was at that period paid in Spain with seven piastres. The gum 
which exudes from the wood, and possesses, as it may be conceived, the medicinal 
qualities in a much higher degree, is now valued at seven pence per pound. The 
quantity exported from Santo Domingo in 1855 amounted to 11,883 lbs., valued at 
£371. — Consufs Report. 

GUANO. This extraordinary excrementitious deposit of certain sea-fowls, which 
occurs in immense quantities upon some parts of the coasts of Peru, Bolivia, and 
Africa, has lately become an object of great commercial enterprise, and of intense 
interest to our agricultural world. More than twenty years ago it was exhibited and 
talked of merely as a natural curiosity, but since that time the quantity imported into 
England alone has risen from 30,000 to 300,000 tons (in 1855), the value of which was 
estimated at no less than £3,000,000, as shown by^he following numbers^ from the 
“ Statistical Abstract of the United Kingdom, from 1842 to 1856.” 


Imports of Guano, from 1842 to 1856. 
Tear Quantitv imported Year 

in Toni, 

1842 - - - 20,398 1850 

1843 . - - 30,002 1851 

1844 . . > 104,251 1852 

1845 - - - 283,300 1853 

1846 - - - 89,203 1854 

1847 - - - 82,392 1855 

1848 - - - 71,414 1856 

1849 - . . 83,438 


Quantitj imported 
in Tons. 

- 116,925 

- 243,014 

- 129,889 

- 123,166 

- 235,111 

- 305,061 

- 191,501 


During the last two years the quantity imported has somewhat diminished and hence 
the rise in price, from ^11 to £14 per ton. It is curious that, though situated at so 
great a distance from the sources of supply. Great Britain is by ffir the largest con- 
sumer of Guano, if we may credit the following. 

Statement of the Quantities Exported from the Cincha Islands during the Years 1850-1 


Tons of Guano sent to — 
England - 
France 
United States 
China 
Total 


185a 

102,421 

1,429 

14,250 

252 


1851. 

150,653 

38,371 


- 118,352 189,024 


iVatara? History and Ge^aphy.— Homo in the language of Peru, signifies dung: a 
word spelt by the Spaniards, guano. . 6 va uuug, s 
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The con^tiaDi essential for the preserration of these excrements appear to be the 
existence ofa soil conning of a mixture of sand and clay, in a country where the birds 
are allowed to lire for ages undisturbed by man or man’s works, and where, moreover, 
the climate is very dry, free not only from rain, but also from heavy dews. 

These conditions appear to have been combined to a remarkable extent on the coasts 
of Peru and Bolivia, between latitudes 13° north, and 21° south of the equator, for 
although beyond this region the flocks of cormorants, flamingoes, cranes, and other 
sea-fowl, appear to be equally numerous, yet the excrement is rapidly carried away 
by the rain or dew. 

It is then the dryness of the climate chiefly which has permitted the guano to accu- 
mulate on these coasts, for, says Mr. Darwin* — In Peru real deserts occur over w ide 
trticts of country. It has become a proverb that rain never falls in the lower part of 
Pern.” And again:— “The town of Iquique contains about 1000 inhabitants, and stands 
on a little plain of sand at foe foot of a grrat wall of rock, 2000 feet in height, the 
whole utterly desert A light shower of rain falls only once in very many years.” 
Indeed since three fifths of the constituent parts of guano are soluble in cold water 
Prof. Johnstone very justly observes foatf," A single day of English rain would dissolve 
out and cqjTy into foe sea a considerable portion of one of the largest accumulations ; 
a single year of English weather would cause many of them entirely to disappear.” 

Such being the case, we might expect to find similar accumulations in other hot and 
dry climates, as in Egypt, and in A&ica, t g. in the neighbourhood of the Great Desert ; 
and only a few years since a considerable deposit of guano was found in the Kooria 
Mooria Islands. 

In Peru the natives have employed it as a manure from the remotest ages, and have 
by its means given fertility to the otherwise unproductive sandy soils along their coasts. 
While Peru was governed by i(s native Incas, the birds were protected from violence 
by severe laws. The punishment of death was decreed to the persons who dared to 
land on foe guaniferous islands during foe breeding period of these birds, and to all 
persons who destroyed them at a^ time. Overseers were appointed by the govern- 
ment to take care of the guano districts, and to assign to each claimant his due share 
of the precious dung. The celebrated Baron Von Humboldt first brought specimens to 
Europe in 1804, which he sent for examination to Fourcroy, Vauquelin, and Klaproth, 
the best analystical chemists of the day; and be spoke of it in the following terms: — 
“ The guano is deposited in layers of 50 or 60 feet thick upon the granite of many of 
the South-sea islands off the coasts of Peru. During 300 years the coast birds have 
deposited guano only a few lines in thickness. This shows bow great must have been 
the number of birds, and how many centuries must have passed over in order to form 
the present guano beds.” 

There appear to be three varieties in Peru ; the white, grey, and red, the first being 
the most recent, and the last the oldest ; and in the midst of the great accumulations of 
the last kind, bones and feathers of birds are found (JFrezier), as if to remove any doubt 
which might still remain as to its origin. 

Cincka Island Gaano.— Much of the so-called Peruvian guano, is exported from the 
Cincha islands. They are three in number, and lie in one line from north to south 
about half a mile apart Each island is from 5 to 6 miles in circumference, and con- 
sists of granite covered with guano in some places to a height of 200 feet, in successive 
horizontal strata, each strata being frero 3 to H) inches thick, and varying in colour 
from light to dark brown. No earthy matter whatever is mixed with this vast mass of 
excrement At Mr. Bland’s visit to these islands in 1842 , he observed a perpendicular 
surface of upwards of 100 feet of perfectly nnifonn aspect from top to bottom. In some 
parts of these islands, however, the deposit does not exceed 3 or 4 feet in thickness. 
In several places, where the surface of the guano is 100 feet orniore above the level of 
the sea, it is strewed here and there with masses of granite, like those from the Alpine 
mountains, which are met with on the slopes of the Jura chain. These seem to indicate 
an ancient formation for the guano, and terraqueous convulsions since that period. No 
such granite masses are found imbedded within the gnano, but only skeletons of birds. 

The accompanying wood-cut, 934. shows the nature of the formation. 

The export of the guano has increased considerably during the last few years : be- 
tween 300,000 and 400,000 tons are the annual amount at present, which is effected 
by the aid of 900 working hands, 320 of them being Chinese, who enter into contracts 
to serve their employer (foe Government contractor), Don Domingo Elias, for 4 dollars 
a month, renewing it, if they choose, with the increase of 4 dollars monthly, and 
a bonus of 1^0. Those who work on their own account are paid 8 and 10 rials, 4 and 
5 shillings, for each cart that they load, 'f hey live in a collection of dirty huts made 
of bamboo and mud; they, nevertheless, appear to be happy and contented, and in 

• Researches in Geology and Natural History, p. 42S. 

t On Guana Journal of the Agricultural Society of England, rol. ii. p. 31S. 
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general are well conducted. The men with pickaxes work their way into the guano, 
leaving a sort of wall on either side ; here it is so hard that it requires a heavy blow 

934 
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found amongst the guano. The guano heaps are surrounded by a high fence to pre- 
yentits being blown away by the wind, near the mouths of the canvas tubes or shoots, 
which are sometimes 70 feet long, through which it is conducted to the boats. See 
jig. 935. 

As in Peru, the surface of the guauo is covered with skeletons of birds, and bones 
of seals. It is also perforated by numberless holes, running in every direction, like a 
rabbit warren. These are made by a bird about the size of a pigeon, which remains 
hidden during the day, sallying forth at dark to fish. Gold and silver ornaments are 
also discovered occasionally, having been buried by the ancient inhabitants more than 
three centuries aga 

It is quite unnecessary here to insist on the valne of guano as a manure. This is 
a point established beyond all question by nearly every agriculturist in the kingdom; 
and recorded by all classes of writers on agricultural subjects ; it has been the means 
moreover of converting the sandy desert around Lima into a soil capable of raising 
abundant crops of maize ; hence the Peruvian proverb, ** Huano, ^ough no saint, 
works many miracles.*’ 

Commercial varieties, — The following appear to he the chief : ^ 


1. Pernviao. 

2. Augamos. 

3. Ichaboe. 

4. Patagonian. 


5. Saldanha Bay. 

6. Kooria Mooria. 

7. African. 

8. Indian. 


Chemistry, — Guano beingan article of so great value to the agriculturist as a manure, 
and being liable not only to adulteration to a very great extent, but also varying when 
genuine considerably in quality, it is highly important to have some means of ascer- 
taining its value. This cannot he done satisfactorily by ever so experienced a dealer 
by mere inspection, and therefore, both for the buyer and the seller, resort is necessary, 
for a knowledge of its compound parts, to the analysis of the chemist.* Such being the 
case, we must first ascertain the composition of genuine guano, and then inquire upon 
which of its several constituents its value as a manure depends. 

The following is one of the earliest analyses by Fourcroy and Vauquelin, of a sample 
of guano presented to them by Baron Von Humboldt, showing the composition in 100 
parts: — 


Urate of ammonia - - - . 

Oxalate of ammonia . . . 

Oxalate of lime . . . . 

Phosphate of ammonia . . . 

Phosphate of ammonia and magnesia 
Sulphate of potash - - - • 

soda - . - . 

Sal ammoniac . - > . . 

Phosphate of lime - - - - 

Clay and sand - - . , 

Water and organic matter 


90 

10*6 

70 

60 

2-6 

5-5 

3- 3 

4- 2 
]4'3 

4*7 

32*2 


But perhaps the constitution of guano is better exhibited by the following analysis 
of three sort4 by Denham Smith. 


American Guano. — Analysis of three sorts by Denham Smith, 
1. Constituents soluble in hot Water (in 100 parts of guano). 



I. 

ir. 

III. 

Phosphate of lime ...... 

0'186 


0-110 

Phosphate of soda ..... 

0-120 



Phosphate of ammonia and magnesia - 

0-564 

0-784 

0-133 

Uric acid 

2-516 



Urate of anmonia - - - « - 

15-418 



Organic matter 

1-180 

0-860 

0-756 


Liebig'i “ Choniftry in its applications to Agriculture and Physiology,*’ p. 272. 
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2. Constituents soluble in cold water (m 100 parts'). 







I. 

( 

II. 

HI. 

Water - - - 

. 


. 


22*200 

20-420 

7-700 

Sulphate of potash 

- 

- 

- 

- 

8-00 



Sulphate of soda 

. 

- 

- 

- 

- 

23-944 

19-177 

Phosphate of potash - 

- 

- 

- 

- 

- 

7-732 

4-947 

Phosphate of soda 

- 

- 

- 

- 

- 

- 

3-60 

Phosphate of ammonia 

- 

- 

. 

- 

6*33 

6-124 


Phosphate of lime 

- 

- 

- 

- 




Oxalate of ammonia - 

- 

- 

- 

- ' 

7-40 

9-39 


Oxalate of soda - 

- 

- 

- 

- 

. 

- 

10-563 

Chloride of potassium 

- 

- 

- 


* • - 

. 

4-163 

Cliloride of sodium 

. 

- 

- 

- 


- 

28-631 

Chloride of ammonium 

- 

- 

- 

. 

2*55 

- 

3-030 

Organic matter - 

* 

• 

“ 

- 

1-500 

0-668 

2-553 

3. Constituents insoluble 

in water ( in 100 parts). 







I. 

II. 

III. 

Phosphate of lime 





19-750 

6-270 

13-113 

Pho'sphate of magnesia 

- 

. 

. 

. 

2-030 

0-874 

2*580 

Oxalate of lime - 

. 

- 

. 

- 

2-560 

10-958 


Sand, &c. 

- 

. 

. 

. 

15-60 

0-720 

0*420 

Peroxide of iron and alumina 

. 

- 

- 

- 

. 

0*150 

Humus ... - 

. 

- 

. 


2-636 

0-862 

0-836 

Organic matter ■> 

- 

- 

• 

. 

3-456 



Water - , . 

. 

. 

- 

. 

- 

4-974 


Loss - - - . 

• 

* 

• 

•* 

0-044 

0-498 



We may also quote the following analysis by Dr. Ure, of guano, imported from 
Bolivia, by the “Mary Anne,” being the hrst cargo thence imported. 

It was of a pale yellow-brown colour, dry, partly pulverulent, partly concreted in 
small lumps. Its mean specific gravity was 1'63. * 

The soluble portion was found to contain : 

Urea - - - . 

Sulphate of potash 
Chloride of sodium 
Phosphate of ammonia 
Oxalate of ammonia - 


- 5-0 

- 7*9 

- 5-0 

- 5'5 

- 06 


240 


The insoluble portion contained : 

Silica - 

Phosphate of lime ------ I 

Phosphate of magnesia and ammonia - - - _ 

Urate of ammonia 

Undefined nitrogenised organic matter, yielding by 
combustion with soda lime J7'05 parts of ammonia - 


2*25 
9-00 
1'25 
15 27 

41-73 


69*50 


The total quantity of ammonia 
VoL. 11. 


yielded by it, 

E E 


was 20*95 per cent. 
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Analysis of C»«rAi lalund Guano, 


Matter soluble in water - - . 

- 47 00 


consisting of — 


Ammon 

Sulphate of pot.ash, with a little sulpliatc of soda - 

- COO 


Muriate of ammonia ----- 

• 3 00 

0-95 

Phosphate of ammonia .... - 

- u ;i;> 

4*62 

Se.squicarbonate of ammonia - - , . 

- MUi 

0-34 

Sulphate of ammoma ------ 

2 i") 

0*50 

Oxalate of ammonia ------ 

- :v- 2 '\ 

0 a'j 

"NVater - -- -- -- - 

- 8’50 


Soluble organic matter and urea - . . - 

- 8 1)5 



47-00 


Matter insoluble in water ----- 

- 53 00 


consisting of — 



Silica - 

- \"2rf 


Undefined organic matter ----- 

- 


Urate of ammonia ------ 

- UTS 

1-23 

Oxalate of lime ------- 

- I'OO? 


Subphosphate of lime- ----- 

• 22 no 


Phosphate of magnesia and ammonia - 

- 4-50 

0 .32 


53 00 

9*80 


Valuable as these elaborate analyses arc in a scientific point of view, they arc qtiitc 
unnecessary for practical purposes in ascertaining the value of any given sample, for 
on which of these Tarious constituents does the chief elUeacy of guano deju iul ? 

Ammonia. — Undoubtedly one 0 / the iwo«f, if not (he mosfy important constituents of 
guano is the ammo7iia. Authors differ as to the precise wanner in wliich ammonia 
and its salts act in promoting the growth, and especially in the development of ilie 
nitrogenised compounds of plants; but the fact is placed beyond dispute, whether it 
be that the ammonia contained in the air is decomposed by the leaves, or that the salts 
of ammonia are absorbed by the spongioles of the roots in solution in water. Now, it 
is quite possible that, in the mysterious economy of the life of the plant, the ammonia 
may perform a slightly ditfermt function when in different states of combination, 
eitlier with liydrochloric, sul])haric, nitric, phosphoric, carbonic, uric, humic, or oxalic 
acids ; and although, as a general rule, we sliouM be inclineil to yield the palm in point 
of utility to the more soluble combinations, yet all experience goes to show' that the 
value of an amraoniacal manure may be measured cliietly, if not entirely, by the 
(junntitj/ of that compound present, and is in a great measure independent of its state 
of combination. 

Dr. Ure drew a distinction between what he called the actual and potential ammonia, 
i. e. between ammonia and ammoniacal salts ready formed, and compounds, such as 
uric acid, which during their decay are gradually converted into ammonia. It appears 
that recent guano contains from 3 to 5 per cent, of uric acid, w hilst the older deposits 
contain generally less than 1 per cent. No doubt tbe guano at the time of its depo- 
sition consisted chiefly of uric acid ; and U is this uric acid which has beconie con- 
verted into salts of ammonia ; for the excrements of birds which live chiefly on fish 
are found to contain from 50 to 80 per cent, of uric acid. It is also an established 
truth in agricultural chemistry that a manure which contains bodies copable of p'O- 
dually yielding up any v aluable compound, such as ammonia, ore more useful than 
those which contain that compound ready formal, and in the state of soluble combi- 
nations, which the first storm of rain may wash away from the roots of the plants, 
where they are required. Nevertheless, admitting the truth of all this, the writer is 
of opinion (and he believes this is the general experience of agriculturists) that the 
importance of this distinction between actual and potential ammonia has been rather 
exaggerated ; and that generally it is enough for ail practical purposes, in estimating 
the value of a guano, to determine the total quantity of nitrogen present in every form, 
anil to consider it as representing an equivalent quantity of ammonia “ in esse or 
“ ill posse.” 
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The amount of ammonia corresponding to the total quantity of nitrogen in the 
several vttncttc'i of guano ranges as foIlo\vs, — 


1. Perurian. 

(From 9 analyses by Way*) of samples imported in 
1S4:-S 

muni. 

, Minl- 
iniiui. 


lS-94 

16-40 

17 67 

From Mr. Way’s analyses of 10 samples imported in 
1848-9 

17-81 

15*98 

16*189 

From Mr. Way’s analyses of 14 samples imported iu 
1849 

18*94 

1C-S9 

17*88 , 

i\Iean 

- - 

- . 

17 246 

So that the average quantity of ammonia, either exist • 
ing in. or capabh* of being yielded by genuine Peruvian 
guano, may he estimated at about 17 per cent. 

1*. .S' guano. ^ 

Ammonia (actual and potential) from two analyses by 
Dr. lire - _ 

20-S9 

20*40 

i 

i 

i 

■20*64 

So that this variety is slightly richer in ammonia and 
nitrogenised compounds than the Peruvian. 

3. Ichaboe guano. 

Ammonia (actual and potential) from ll analyses by 
Dr. lire and Mr. Tesebemacher - - - - 

9-5 

4-5 

1 

i 

) 

7*3 

Showing that this variety, as far as regards nitrogenised 
cnnqiounds, is far inferior to the preceding; and the 
same remark applies to the succeeding \aricties, c.y . : — 

4. Vatatjonian guano. 

From analyses of 14 samples by Dr. Ure and Mr. 
'rescheniacher 

4*63 

1-CO 

1 

2 54 

o. Saldanha Hag guano. 

From resuits of analyses of 9 samples hv Mr. Wav - 

•>■49 

0-94 

1-C3 

From results of 9 analyses by Dr. Ure and Mr. 
Tesebemacher 

2*10 

1-25 

1*56 ' 

6. Kooi la JMooria. 

From results of 3 analyses by Mr. Neshit- 

0-34 

0-n 

i 

0 25 1 

From results of 3 analyses by Mr. Apjolin 

0-318 

0-127 

0 22 


So that the average quantity of ammonia in the several varieties is — 

Peruvian - - 17 per cent. Patagonian - - 25 percent. 

Anganios - - 20 „ Saldanha Bay - 1*5 „ 

Ichaboe - • 7 „ Kooria Mooria - 0-25 „ 

Potash Of the two alkalies, potash and soda, the soil usually contains more than 

sufficient soda for the supply of vegetation ; it is therefore chiefly potash which it is 
necessary to add in the form of manure. 

Besides, even the best guano always contains a considerable quantity of common 
salt, vi;5. from l-O to 2'5 and even 5 per cent. 

Mr. \Vay, in his valuable paper, “ On the Composition and Value of Guano,” only 
gives the quantity of alkuline salts, not having detenuined the potash ; but the average 
quantity of potash in genuine guano may be seen by referring to the analyses before 
given in detail, and -will be found to vary from 3 to 4 per cent. 

However, in estimating the value of guano the knowledge of the quantity of potash 
is by no means of the same importance as of the ammonia, or the phosphoric acid. 

Phosphoric acid, — The phosphoric acid is second in importance to no other consti- 
tuent tlian tT?e ammonia ; being essential for the development of the seeds and all those 
parts of the vegetable organism, which serve as foods in the production and restoration 
of the flesh and bones of animals. It exists in the guano (as is shown by the pre- 
ceding detailed analyses) in combination with ammonia, potash, soda, and lime. 

In most analyses the quantity of phosphate of lime. 3CaO,PO\ is gisen instead of 
phosphoric acid, PO^ or 3110, PO®; but 15G parts of phosphate of lime (3C'!tO.PO^) 
corret-pond to 72 of phosphoric acid (PO*), or as 13 to 6. 

* On the composition and money value of the diflVrent kind? of Guano. By S. Thomas Wav, &c.— 
“ Journal of the Agricultural Society of England,” p. ’ilia, tiC, 
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The amount of phosphate of lime in the several varieties of guano is as follows : — 



Maxi- 

Mini- 



mum. 

mtim. 


Peruvian. 




From analyses of 9 samples br Way, importeil in 1847-8 

34*45 

19*46 

26*95 

From Mr. Way’s analyses of 10 samples, imported in 




1848-9 

25 30 

21-31 

23-30 

From Mr. Way’s analyses of 14 samples, imported in 




1849 - -- -- -- -- 

28*98 

21-28 

23-13 

Anqamos. 




From 2 analyses by I>r. Ure ... - - 

22*01) 

i.s-no 

20-25 

Ichaboe. 




From 1 1 analyses by Dr, Ure and Mr. Teschomacher - 

3700 

26-00 

31*50 

Patagonian. 




From analyses of 14 samples by Dr. Ure and Mr. Tesebe- 




macher - - - 

65-5 

29-3 

47-4 

Saldanha Bay. 




From analyses of 9 samples by Mr. Way . - . 

60*90 

49*01 

54 93 

From analyses of 9 samples by Dr. Ure and Mr. Tesche- 




macher --------- 

62*5 

51‘0 


Kooria Mooria. 




From analyses of 3 samples hv Mr. Ncsbit - - - 

2.')*.')0 

2*80 

1415 

From analyses of 3 samples by Mr. Apjohn - - - 

28*50 

5 84 

17-17 


So that the average quantity of phosphate of lime in the several specimens is as 
follows : — 

Peruvian - - - 25*12 I Patagonian » • 47*4 

Angamos - • - 20*25 j Saldanha Bay - • 55*84 

Ichaboe • - - 31*50 1 KooriaMooria- • 15*66 

These facts are very suggestive as showing how gnano, by exposure to air and 
moisture, has the ammoniacal salts washed out, at the same time, as a consequence, 
increasing the ratio of phosphates. 

Organic Matter. — The amount of organic matter in guano, other than ammonia and 
its salts, is of no great importance in estimating its value as a manure. Not nufre* 
quently the amount of organic matter, containing uric acid or ammoniacal salts, is 
stated in analyses, as organic matter “ rich in ” or containing ammonia hut it is 
obvious such analyses are nearly worthless, the value of the guano depending essen- 
tially on the quantity of nitrogen, either existing as ammoniacal salts or capable of 
being converted into them. Good guano contains on an average about 50 per cent, 
of ash (mineral matters) and 50 per cent, of combustible (organic) matters 

Sand. — The knowledge of the proportion of sand in a guano is of some importance 
as determining its purity or otherwise. It is easy to understand how a deposit like 
guano, existing often near the sea-shore, and frequently on a sandy soil, should con- 
tain a certain admixture of sand. Some specimens are almost free from it, and few 
genuine specimens contain more than 1 to 2 percent. 

Common salt. — The presence of common salt in a guano need not surprise us. It 
is doubtless derived from the sea, partly through the medium of the birds themselves, 
and partly from the evaporation of the salt spray continually driven upon the coasts 
by the wind. It is variable in quantity, as we should expect from a knowledge of its 
origin, ranging in samples of genuine guano from 1 to 5 per cent. Although common 
salt has been shown • to possess a certain power of absorbing ammonia, yet this is 
but transient, and the efficacy of guano cannot be said to depend to any extent upon 
the sea salt present in it. The knowledge of its amount is of great importance, since 
the guano is not unfrequently adulterated with salt. 

Water. — Obviously the larger the amount of water present in guano, the smaller 
•will be the proportion of valuable constituents in a given weight. Genuine guano 
contains on an average from 10 to about 20 per cent, of water. Many of the salts in 
guano are likewise deliquescent, so that it has a tendency to become moist by ex- 
posure to the air; and this tendency to absorb moisture, is an element of value in the 
inanure,*especially in dry seasons. 

Calculation of the money value of guano from the results of analyses. — In a most 
important and interesting paper “ On the value of artificial manures, ”f Mr. Way 

* A. B. NorthcotP, on the Function of Salt in Agriculture, Phil. Mag. x. 179. 
t Agricultural Journal, xri. 533. 
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arrives at certain money values for ammonia, phosphoric acid, and the various con- 
stituents of guano and otlier manures, by a comparison with the cost of these se\eral 
compounds in their ordinary commercial salts. These numbers will be found most 
valuable to the agriculturist in drawing his own conclusions respecting the value of 
a guano or other manure from the results of analysis furnished to him by the chemist. 


They are as follows : — ^ 

Ammonia --------56 per ton. 

Potash - - - - - - - - 31 „ 

Phosphate of lime (insoluble) - - - - 7 „ 

Phosphate of lime (soluble) ----- 32 „ 

Organic matter „ 


and the following example of their application may prove useful. 


Calculation of the money value of guano, as deduced from the cost of its several 
constituents in their commercial salts, applied to the mean composition of 
Peruvian guano deduced by Mr, Way from 78 analyses : — 


loo tons contain 
Ammonia - - - 

Organic matter 
Potash - - _ 

Insoluble phosphate of lime 
Soluble phosphate of lime 


£ £ 
16*5 at 56 per ton 9'50 
52*0 1 „ 52 

3-5 „ 31 „ 108 

23 0 „ 7 „ 161 

7 0 „ 32 „ 224 

Value of 100 tons - £1,4 7.5 


Or per ton - £14 15 0 


Hence it is ob%ious that whilst guano was selling at 1 W per ton, it was more eco- 
nomical and con\eniont to employ It than to make an artificial mixture of it» clie- 
niical con«-tituents ; but now that the price has ri>.en to about 14/. per ton, it becomes 
a question whether it will not be possible to produce an ariificial compound having 
equal value as a manure which will compete in price with the guano. 

Impuriiifis and adulterations. — In consequence of the high price of guano the 
great demand for it, and the ease with which the unwary farmer may be imposed 
upon, guano is adulterated with various substances, and to a great extent. Impo- 
sitions even have been practised by selling as genuine guano artificial mixtures, 
made to look so much like guano that the farmer would scarcely detect iL The 
w riier recollects examining a guano which contained 50 per cent, of sand, and no less 
than 25 per cent, of sea salt j and Dr. Ure gives the following analysis of an article 
sent to him, which had been ofifered to the public by advertisement as Peruvian guano 
which contained — 


Common salt -------- 32*0 

Sand - -- -- -- -- 280 

Sulphate of iron ------- 5*2 

Phosphate of lime ------- 4 0 

Organic matter (from bad guano to give it smell) - 23 3 
Moisture -- - -- -- - 7 *5 


lOO’O 


In fact so numerous and various are the tricks played with guano, that unless a 
sample is submitted to a skilful chemist for analysis before purchase, we would 
strongly recommend the agriculturist to purchase of no one but dealers of unquestion- 
able honour. 

Professor Johnstone observes: — “Four vessels recently sailed hence for guano 
stations, ballasted with gypsum, or plaster of Paris. This substance is intended for 
admixture with guano, and will enable the parties to deliver from the vessel, a nice 
looking and light coloured article. The favourite material for adulterating guano 
at the present moment, is umber, which is brought from Anglesea in large quantities. 
The rate of admixture is, we are informed, about 15 cwts. of umber to about 5 cwts. 
of Peruvian guano, from which an excellent looking article, called African guano, is 
manufactured.” 

Analysts of Guano. 

The following is Dr. lire’s method for the complete analysis of guano : — 

1. In evei y case I determine, first of all, the specific gravity of the guano ; which I 

£ £ 3 
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take by means of spirits of turpentine, with a peculiar instrument contrived to render 
the process easy and precise. If it exceeds 1'7.> in density, water beinp I'O. it niu*:t 
contain sandy impurities, or has an excess of earthy phospliates, and a defect of azolised 
animal matter. 

2. I ‘triturate and digest 200 grains of it with distilled water, filter, dry the in- 
soluble matter, and weigh it. 

3. The above solution, diffused in 2000 gr. measures, is examined as to its specific 
gravity* and then with test paper, to see whether it l>e acid or alkaline. 

4. One half of this solution is distilled along with slaked lime in a matrass con- 
nected with a small quintuple globe condenser, containing distilled water, and im- 
mersed in a basin of the same. As the condensing appaiatus terminates in a water- 
trap, no part of the ammonia can be lost ; and it is all afterwards estimated by a* 
peculiar meter, whose indications make manifest one hundredth part of a irrain. 

5. The other half of the solution is mixed with some nitric acid, and divided into 
three equal portions. 

u, the first portion, is treated with nitrate of barytes, and the resulting sulphate of 
barytes is collected, ignited, an^ weighed. 

b, the second portion, is treated with nitrate of silver, and the resulting chloride of 
silver ignited and weighed. 

c, the third portion, has a certain measure of a definite solution of ferric nitrate 
mixed with it, and then ammonia in excess. From the weight of tin* precipitateil sub- 
phosphate of iron after ignition, the known amount of oxide used being deducted, 
the quantity of phosphoric acid in the soluble portion of the guano becomes known. 

d, the three above p«)rtioiis arc now mixed, freed bv a few drops of dilute sulphuric 
and hydrochloric acids from any barytes and silver left in them, and then tested by 
nitrate of lime for oxalate of ammonia. The quantity of oxalate of lime obtained 
determines that point. 

6. The last liquor filtered, being freed from any residuary particles of lime by oxalate 
of ammonia, is evaporated to dryness and ignited, to obtain the fixed alkaline matter. 
This being weighed, is then dissolved in a little water, neutralised with acid, and treated 
with soda-chloride of platinum. From the quantity of potash-chloride of platinum, 
which .precipitates, after being filtered, dried, and weighc ), the amount of potaslt 
present is deducted ; the rest is soda. These bases may be a^.signed to the hulphuric, 
hydrochloric, and phosphoric acids, in proportions coirespouding to their rebpectWe 
affinities. 

7. The proportion of organic matter in the above solution of guano, is determined 
directly by evaporating a certain portion of it to drymess, and igniting. The loss of 
weight, minus the ammonia and oxalic acid, represents the amount of organic matter. 

$. A second portion of a solution of the guano is evaporated to dryness by a gentle 
steam heat, weighed, inclosed in a stout well-closed phial along with alcohol of 0*825, 
and heated to 212^. After coolini, tlie alcoholic solution is decanted or filtered clear, 
evaporated to dryness by a gentle Iieat, and w'eighed. This is urea, which may be 
tested by its conversion into carbonate of ammonia, when heated in a test tube or small 
retort. In this way I have obtained from Bolivian guano 5 per cent, of urea •, a certain 
proof of its entire soundness. 

9. Analysis of the insoluble matter. — One third of it is digested with heat in abundance 
of borax-water, containing of the salt, filtered, and the filter dried by a steam heat. 
The loss of weight indicates the amount of uric acid, which is verified by supersaturating 
the filtrate with acetic or hydrochloric acid, thus precipitating the uric acid, throwing it 
upon a filter, drying, and weighing it. This weight should nearly agree with the above 
loss of weight,the small difference being due to soluble organic matter, sometimes called 
geine and ulmic acid. The uric acid is evidenced, 1, by its specific gravity, which I 
find to be only 1 *25, as also that of the urate of ammonia j 2, by its affording fine purple 
nmre.vide when heated in a capsule along with nitric acid, and tlien exposed to the 
vapour of ammonia from a feather held over it; 3, by its dissipation when heated, 
without emitting an enip} reumatic odour. 

10. Another third of the solid matter is distilled along with half its weight of slaked 
lime, and 10 times its wriglit of water, in the apparatus already described, and the am- 
monia obtained from it estimated, 

11. The remaining third having been ignited, is digested with a gentle heat in weak 
hydrochloric acid, and the undissolved sdic^and alumina washed on a filter, dried, and 
weighed. To the hydrochloric solution, dilute sulphuric acid is added, and the mixture 
is heatedl^ill all the hydrochloric acid be expelled, with the greater part of the water. 
Alcohol of 0*850 is now poured upon the pasty residuum, and the whole, after being 
well stirred, is thrown u|K)n a filter. The phosphoric acid passes through, as also the 
magnesia in union with sulphuric acid. The sulphate of lime, which is quite insoluble 
in spirits of wine, being washed with them, is dried, ignited, and weighed. From the 
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weight of sulphate of lime, the quantity of phosphate of that tanh that was present 
becomes known. 

1 2. Ammonia in excess is now added to the filtrate, which throws down the granular 
phosphate of ammonia and magnesia. After washing and drying this powder at a heat 
of 150®, its weight denotes the quantity of that compound in the guano. 

13. To the filtered liquor (of 12), if a little ammonia be added, and then muriate 
of magnesia he slowly dropped in, phosphate of ammonia and magnesia will precipitate, 
from the amount of which the quantity of phosphoric acid may be estimated. 

14. The proportion of oxalate of hraeis determined by igniting The washed residuum 
(of 9), and placing it in an apparatus for estimating the quantity of carbonic acid given 
off in dissolving carbonate of lime. I have rarely obtained more than ^ gr. ot car- 
bonic acid from the insoluble residuum of 100 gr. of good guano, and that corresponds 
to less than 1^ per cent, of oxalate of lime in the guano. Sometimes no effervescence 
at all is to be perceived in treating the washed residuum with acid after ignition. 

15. The carbonate of ammonia in guano is readily determined by filtering the solu- 
tion of it in cold water, and neutralising the ammonia with a test or alkalimetrical acid. 

16. Besides the above series of operations, the following researches must be made to 
complete our knowledge of guano. The insoluble residuum (of 10), which has been 
deprived by two successive operations of its uric acid and ammonia, may contain 
azotised organic matter. It is to be therefore well dried, mixed w ith 5 times its weight 
of the usual mixture of hydrate of soda and quicklime, and subjected to gentle ignition 
in a glass or iron tube closed at one end, and connected at the other with an ammonia- 
condensing apparatus. The amount of ammonia being estimated by a proper ammonia 
meter, represents the quantity of azote, allowing 14 of this element for 17 of ammoniii, 
being the potential ammonia corresponding to the undefined animal matter. In a saiiqdo 
of Peruvian guano I obtained 5 per cent, of ammonia from tliis soured, 

17. The whole quantitity of ammonia producible from guano is to be determined by 
gently igniting 25 gr. of it well dried, and mixed with 10 times its weight of the 
mixture of hydrate of so«la and quicklime (2 parts of the latter to 1 of the former). 
The ammonia disengaged is conden'-ed and uuaMired, as described above. 

18 The ready formed ammonia is in all cases determined by dkstilling a mixture of 
100 gr, of it with 50 gr of slaked lime, condensing the disengaged ammonia, and 
estimating it exactly by the meter. 

19. The relation of the combustible and volatile to the incombustible and fixed 
constituents of guano, is determined by igniting 100 gr. of it in a poi>ed platinum 
capsule. The loss of weight denotes the amount of combustible and volatile matter, 
including the moisture, which is known from previous experiments. 

20. The insoluble matter is digested in hot water, thrown upon a filter, dried, and 
weighed. The loss of weight is due to the fixed alkaline salts, which, after con- 
centrating their solutions, are investigated by appropriate tests: 1, nitrate of 
baryta for the sulphates ; 2, nitrate of silver for the chlorides and sulphates j and 
3, soda-lime for platinum, for distinguishing the potash from the soda salts. 

21. The insoluble matter (of 20) is digested with heat in dilute nitric or hydro- 
chloric acid, and the whole thrown upon a filter. The silica which remains on the 
filter is washed, ignited, and weighed. The lime, magnesia, and phosphoric acid 
may be determined as already pointed out. 

If, however, the remarks made in an earlier part of this article be correct, it is 
altogether unnecessary, in order to ascertain the commercial value of a sample of 
guano, to perform so elaborate a scries of operations as that described above. 

The following points are all that are required to be investigated : — 

The amount of water; organic matter; nitrogen; proportion of ash; analysis of 
the ash as to phosphoric acid and alkalies — potash and common salt ; sand. 

1. Water. — The most delicate and troublesome operation, is perhaps the determina- 
tion of the amount of water. If the substance be dried in the water-oven, as is the 
usual practice, at 212® F., a very large quantity of ammonia is ex{>eUed : so that it 
becomes necessary to desiccate by protracted exposure under a bell glass, over a vessel 
ot sulphuric acid. Evot in this manner, the error is not entirely eliminated, and Mr. 
Way suggests treating the specimen in a shallow platinum dish, with a few drops of 
hydrochloric acid, which is allowed to soak through the whole : he states, that it may 
then be dried at 212° F.. without loss. 

2. Organic mritter. The proportion oforganic matter is determined in the usual way, 
by burning it off in an open platinum crucible, until nothing is left but the white or 
brownish white ash, which is then weighed. 

3. Determination of nitrogen. — This is best performed by 'Will and Varreutrapp’s 
process, which w'ill be found described under the head of Nitrogex. 

4. Phosphoric acid. — The phosphoric acid in the ash of the guano is determined by 
conversion into perphosphate of iron, and then soparat on os ainmonio*magnesia 
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phosphate, in the same way as has been described under the head of Ashes of 
Pl 4NT8. In fact, under this head wiil be found the general method for the com- 
plete analyses of the ashes of organic bodies, which, if it be thought desirable, may 
be carried out, in extenso^ in the case of the ash of guano. 

5. Alkalies . — This is, however, scarcely necessary, so long as the alkalies are deter- 
mined to ascertain the amount of the valuable alkali potash, and the extent of con- 
tamination with common salt. 

6. Sand. — The quantity of sand is determined by treating a portion of the dried 
guano with hydrochloric acid and water, till nothing more is dissolved, then igniting 
and weighing the residue. 

Statistics of the guano trade of Peru. — We extract the following from an article 
lately published in the official journal at Lima : — The exportation of guano l>egan in 
1841, under the contract with the house of Messrs. Quiros, Allier, and Co. Up to the 
end of 1856, the exportation from the Cincha Islands has been 1,967,079 tons, of 
which 1,626,405 tons were sold, and 23,885 were lost at sea. The stock in hand of 
the company was 3,16,789 tons. The gross proceeds of all these sales came to 
§100, 263,518 ; the charges amounted to §61,008,881, leaving net proceeds, §39,254,647; 
say at £l per §5 — £7,850,927."^ In the year 1857 the exportation amounted to 
472,965 tons, which, added to 316,789 tons, left on hand in the previous year, gives 
789,754 tons; of these 304,589 tons were sold, and 19,156 were lost at sea, leaving 
466,009 tons. The net profit this year was §12,538,0 16, or at §5 per £l — £2,507,6u3. 
In the first six months of the present year the exportation has been 169,580 tons, 
which, added to those in the hands of the consignees at the closing of 1857, or 
466,009 tons, gives 635,589 tons. Oneofthc most grievous losses that the government 
has had to suffer in their exportation of guano has resulted from losses occasioned in 
the loading of the vessels. The government estimates at 16 per cent, of the guano 
exported the losses in putting on board, or by guano thrown overboard. To avoid 
this serious loss, which amounts to several hundreds of dollars, the government has 
now erected a wharf, where vessels of any tonnage come alongside to load, and by a 
railway the guano is brought on board the ships from the deposits. Besides this, in 
order that the captains of vessels should not go to sea with their cargoes of guano in 
an unseaworthy state, aU vessels after receiving their cargoes, come now to C'allao to 
undergo a proper survey. Thus the sea risks are likely to be greatly lessened. By 
a decree of the 5th of October, 1856, the house of Messrs. Anthony Gibb.s and Son, of 
London, was requested to take charge of the guano sales in Spain, hitherto confided to 
Messrs. 0. De Murrick and Co., of the same city, on a commission of five and a half 
per cent. ; but the former house have given proof of the interest they take in the wel- 
fare of Peru, and of all those depending on the revenues of that country, by only ac- 
cepting and charging four and a half per cent., affording by this item only to the 
republic a considerable increase in the proceeds of the sale of the guano in Spain, the 
government has issued a decree of thanks in favour of Messrs. A. Gibbs and Son 
for their liberality, and besides for the steps they have taken to effect a considerable 
saving in the warehouse rent and other charges on the guano introduced into Spain. 
The change of agents in the United States has also caused considerable saving in the 
commission and charges. The President promises to lay before the Congress the 
result of the investigation of the inspectors sent to Europe and the United States, which 
will prove highly interesting. 

The stock of guano up to the end of 1857 appears to have been 635,589 tons, at ^12 
per ton, representing a capital of £7,627,000, This must involve a large amount of 
interest, to which add warehouse rent, and it will be found that there is great expense 
involved in keeping it, to say nothing of the deterioration of the quality. 


Guano imported, 1857 : — 


Tons. 

Computed real value. 

Prance ------ 

- 

1,538 

£17,023 

Western Coast of Africa (not designated) 

2.874 

17,234 

United States - - . - 

- 

2,067 

8,268 

Mexico - - - _ - 

. 

2,366 

11,830 

Brazil ------ 

- 

914 

- 4,570 

Uruguay - - - - - 

- 

307 

1,842 

Chili - - • * - 

- 

6,005 

78,065 

Peru ------ 

• 

264,230 

- 3,434,990 

Patagonia . - - - - 

- 

1,312 

5,248 

British possessions in South Africa 

• 

4,475 

22,375 

British West India Islands 

- 

1,912 

9,560 

Other parts ----- 


362 

288.362 

2,069 

£3,613,074 
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GUANINE. C’ffN'O^ An organic base found by Unger in guano. Guano 
contains about 6 per cent. 

GUAVA. This fruit is a native of the two Indies and the Brazils. There are two 
well known varieties, the P.sidium pomiferum, or apple-fruited guava ; and the P. pj/ri~ 
J'erum, the pear-fruited variety. The pulpy fruits of these trees make w ith sugar ex- 
cellent preserves. Imported as Guava jelly. 

GUINEA PEPPER. Another name for the Grains of Paradise. 

GUM (Gomme, Fr. ; Gummi, I^lanzenscldeini, Germ.) is the name of a proximate 
vegetable product, which forms with water a slimy solution, but is insoluble in 
alcohol, ether, and oils ; it is converted by strong sulphuric acid into oxalic and mucic 
acids. 

There are six varieties of gum ; 1, gum arabic ; 2, gum Senegal ; 3, gum of the 
cherry and other stone fruit trees ; 4, gum tragacanth ; 5, gum of Bassora ; 6, the 
gum of seeds and roots. The first five spontaneously flow from the branches and 
trunks of their trees, and sometimes from the fruits in the form of a mucilage which 
dries and hardens in the air. The sixth kind is extracted by boding water. In com- 
merce, under the name of gum, very different substances are confounded ; thus we 
have f/uin ekmi and gum copal^ which are true resins f and gum ammoniacum, which is 
a gum resin ; and gmn elastic (caoutchouc), which is a peculiar body, differing from 
either. 

Gum arabic and gum Senegal consist almost wholly of the purest gum called 
arahine by the French chemists ; our native fruit trees contain some cerasine, along 
with arabine ; the gum of Bassora and gum tragacanth consist of arahine and 
bassorine. 

Gam arahic, flows from the Acacia arabica, and the Acacia vera, which grow upon 
the banks of the Nile and in Arabia. It occurs in commerce in the form of small 
pieces, rounded upon one side and hollow upon the other. It is transparent, without 
smell, brittle, easy to pulverise, sometimes colourless, sometimes with a yellow nr 
brownish tint. It may be bleached by exposure to the air and the sunbeanis. at the 
temperature of boiling water. Its specific gravity is P.I.'i.j. Moistened gum arabic 
reddens litmus paper, owing to the presence of a little superiualate of lime, which may 
be removed b) boiling alcohol ; it shows also traces of the chlorides of potassium 
and calcium, and the acetate of potash. 100 parts of good gum contain 70'40 of 
arabine, 17-60 of water, with a few per cents, of saline and eartlij matters. Gum 
arabic is used in medicine, as also to give lustre to crapes aud other silk stufi’s. 

Gam Senegal, is collected by the negroes during the month of November, from the 
Acacia Senegal, a tree 18 or 20 feet high. It comes to us in pieces about the size of a 
partridge’s egg, but sometimes larger, with a hollow centre. Its specific gravity is 
1-436. It consists of 81-10 arabine ; 16-10 water; and from 2 to 3 of saline matters. 
The chemical properties and uses of this gum are the same as those of gum arabic. 
It is much employed in calico-printing. 

Cherry-tree gum, consists of 52-10 arabine ; 34-90 cerasine ; 12 water ; and 1 saline 
matter. 

Gum tragacanth, is gathered about the end of June, from the Astragalus tragacaniha 
of Crete and the surrounding islands. It has the appearance of twisted ribands ; is 
white or reddish ; nearly opaque, and a little ductile. It is difllcult to pulverise 
without heating the mortar. Its specific gravity is 1 -384. When plunged in water, 
it dissolves in part, swells considerably, and forms a very thick mucilaoe 100 parts 
of it consist of 53-30 arahine ; 33-30 bassorine and starch -,110 wafer ; aud from 
2 to 3 parts of saline matters. It is employed in calico printing, and bv shoe- 
makers. VC J 


Gum of Bassora ; see Bassorine. 

Gum of seeds, as linseed, consists of 52 70 arabine ; 28-9 of an insoluble matter • 
10-3 wafer; and 711 saline matter. Neither bassorine nor cerasine seems to be pre- 
sent in seeds and roots. For British Gum, see Dextrine 
GUM ELASTIC, See Caoutchouc. 


GUM LAC. See Lac. 

GUM SESINS. {Gomme-resines, Fr. ; Schleimharze, Germ.) When incisions are 
made in the stems, branches, and roots of certain plants, a milky juice exudes, which 
gradually hardens m the air ; and appears to be formed of resin and essential oil. held 
suspended in water charged with gum, and sometimes with other vegetable matters, 
such as caoutchouc, bassorine, starch, wax, and several saline matters. The said con- 
crete juice IS called a gum-resin ; an improper name, as it gives a false -idea of the 
nature of the substonce. They are all solid ; heavier than water ; in general opaque 
and brittle , may hav e an acrid taste, and a strong smell ; their colour is very^vari- 
able. I hey are partially soluble m water, and also in aleohol ; and the solution in 
the former liquid seldom becomes transparent. Almost all the gum resins are medi- 
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cinal substances, and little employed in the arts and manufacti^ros. Tlie following is a 
list of them: — assafoetida; gum ammoniac; Mellium; c*up]inibiuni : galbamnn ; gam- 
boge; myrrb; olibanum or frankincense ; opoponax ; and scainmony- Such of these 
as are employed in the arts or manufactures are described in this work under their 
peculiar names, 

GUM-WOOD. JEhicalpiftHs piperita, or h\ne gum tree of ?^ew South Wales. The 
wood is sent over in large logs and planks; the colour of dark Spanish mahogany, 
with a blue and sometimes a greyish cast. 

gun barrels. See Fire Arms. 

GUN COTTON. (Syn. P^oxiUne; Ftdmicoton^ Fr.) In 18.33 M. Eraconnot dis- 
covered that starch, by the action of monohydrated nitric aciiUhec.niK* corn i-rt* .1 into a 
peculiar substance which dissolved in excess of the acid, and 'vas repr - cijntatpd in a 
granular state on the addition of water. This substance, known as x} louline, wiu*n 
washed and dried, was found to explode on contact of a light, and even if heated to 
356®. It also exploded if subjected to a smart blow. The subsequent researches of 
IVI. Pelouze indicated this singular body to be starch, in which one equi- 

valent of hydrogen is replaced by peroxide of nitrogen, or hyponitric acid. The 

formula of xyloidine would consequently be J O'o On the supposition of this 

being the correct formula, 100 parts of starch should yield 127‘7 of xyloidine, and 
M. Pelouze obtained from 123 to loO. About thirteen >eafs subsequently to the dis- 
covery of xyloidine, M. Schdnbein announced his discovery ^f gun cotton Chemists 
immediately saw the analogy between the two substance'^, for while xyloidine ap- 
pears to be derived from starch by the substituthm of one ‘-’qiiivalent of hyponitric 
acid for one of hydrogen, gun cotton is deri\ed from cellulose isomeric 

with starch) by the substitution of two or three equivalents <^1 hyponitric acid for the 
same number of equivalents of hydrogen. 

Preparation Gun cotton can be prepared in several ways. The most simple 

consists in immersing, for a few seconds, well carded cotton in a mixture of er|iial 
parts by volume of oil of vitriol of the specific gravity l '8h‘>» and nitric acid of the 
specific gravity 1*500. The cotton when well saturated j? to be removed, and, after 
being squeezed to repel as much as possible of the cxc<’?s of adhering acid, well 
washed in clean cold water. As soon as the water no iontrer reddens litmus paper, 
the washingmay be considered sufficient. The gun cotton thus prepared is cautiously 
dried at a heat not exceeding 212®. It is safer to dry at nbout 150 ®. The cotton 
prepared by this means explodes well, but does not always dissolve easily in ether. 
If, consequently, it is desired to prepare a very soluble cotton fot photographic collodion, 
the following process may be employed, in which, instead of nitric acid, dry nitre is used. 

4h ounces pure dry nitre in fine powder. 

30 drams (fluid measure) sulphuric acid, sp- gr. 1*845, 

120 grains of well carded cotton. 


The cotton is to be well pulled out and immersed in the mixture of the nitre and 
sulphuric acid. The contact with the acid, &c., is to Iv insin'^d by stirring and pulling 
out the cotton with two glass rods. As soon as perfect sat^^^'ation is effected, which, 
with good management, will be in about one minute, the f^tton is to be thiown into 
a large pan of water and well rinsed. The vessel is to continued under a tap 
until litmus paper is no longer reddened. The cotton is to he squeezed in the folds 
of a clean towel and exposed (after being again well pulK'ff out) to a gentle heat to 
dry. It is curious that the most soluble cotton is often tb^ ^^ast explosive, aUhough 
there is reason to believe that the most soluble cotton is tba^ which nearest approaches 
in constitution to tri-nitro cellulose. 

M. Schonbein recommends a mixture of one measure nitric acid with three 
measures of sulphurie acid as the best bath for the cotton. The liquid is to he allowed 
to cool jirevious to its immersion. He also saturates the cotton with nitrate of potash, 
by immersing it in a solution of that salt before drying. Cotton prepared in tins 
manner is not adapted for photographic purposes, but it is highly explosive, and 
therefore well fitted for blasting rocks. 

Tiie true constitution of gun cotton is hy no means wefi established. It appears 
to be very liable to differ in comp- sition according to th^* method of preparation. 
According to M. Bechamp it is essential, in order to obtain a cotton both fulminating 
and soluble in ether, to operate upon the mixture of nitre tind sulphuric acid before 
the tempeiTlture (which rises on the ingredients being nfingled) has fallen. If ccwling 
has taken place previous to the immersion of the cotton, the resulting pyroxiline is 
fulminating, but insoluble in ether. 

The analyses of MM. Domonte and Menard, and also of M. Bechamp* agree best 
withbi-nitro cellulose, while those of Gladstone, Vaiikcrehotf» ttnd Reuter, Selunidt and 
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Hecker and Pelouze arc more in accordance with atri-nitro cellulose. To add to the 
difficulty of forming a conclusion on the subject, M. Peligot’s analyses agree best with 

the expression (pjoty- j is that of hi-nitro glucose. 

According to M. Fn'champ xyloidine and pyroxiline are acted on hy protacetate of 
iron, the original siihstance being regenerated. Thus xyloidine affords starch, and 
pyroxiline cotton. The regenerated cotton was analysed with the following result : — 
Experiment. Calculation 


Carbon - 

- 43-35 

<"- = 72 

44 - 44 ’ 

Hydrogen 

6 31 

II'» 10 

617 

Oxygen - 

- 50 34 

O ” 80 

49 30 


lUOOO 

162 

100-00 


Bcchamp (and others) regard giin cotton as containing nitric acid. The former 
supports hi.s views with niiiiierous experiments, hut there are several disturbing 
inffucnces preventing tlie products of the decomposition of gun cotton by alkalies, §ic, 
being regarded as siilheieiitly known to enable us^o express a decided opinion as 
to its true constitution. It may be mentioned in evidence of this that during the 
action of caustic potash upon gun cotton, M. Bechamp observed sugar to be pro- 
duced, The latter chemist in common with many others doubles the formula which 
we, following M. Gerhardt, have provisionally adopted for cellulose ; he moreover 
formulates the latter substance and its nitro-derivatives thus : — 
C’'n”0'’,.^NCB,2IT0=penlanitric cellulose. 

C‘*H"'0'‘',4N0', no=tcttanitric cellulose. 

C-’* = trinitric cellulose. 

C’ ' = cellulose. 

Explosive substances analogous to gun cotton may be prepared from many organic 
bodies of the cellulose kind, by immersing them in the same bath as for gun cotton. 
Among these may be mentioned paper, tow, sawdust, and calico. 

When collodion is wanted for an application to cut surfaces, and the cotton is with 
difficulty soluble in alcoholic ether, a solution may e-a.sily be obtained if the cotton he 
first moistened with acetic ether and the alcoholic ether be afterwards added. 

Several of the nitro-derivatives of starch and cellulose undergo spontaneous de- 
composition when kept for some time in stoppered bottles {Gladstone) C. G. W. 

GUNNEUY. Under the heads of Artillery and Fire.yrms, we have included 
nearly every point with which it appears necessary to deal in a work of this 
description. It is convenient, however, to say a few words in this place of Sir 
William Armstrong's gun. Instead of being cast like ordinary cannon — or formed 
of several longitudinal pieces like the Whitworth cannon— or of a hooped or Wire- 
bound tube, as proposed by Captain Blakely, Mr. Mallet, and others ; the new gnn is 
formed of an internal steel tube, bound over with strips of rolled iron, laid on spirally, 
somewhat after the fashion of small-arm barrels, the alternate strips being laid in 
opposite directions, so that the joints may cross each other, or, in other words, so as 
to “ break joint.” This system of construction is, of course, expensive, but it gives 
great strength with a very small quantity of metal. The internal steel tube is rifled 
in a very peculiar manner. Instead of having two, tiirec, or four grooves, like 
ordinary rifled guns— or being formed with an oval bore like that employed by 
Mr. Lancaster, or with a polygonal bore, as in the 4Vhltworth system — it lias'a very 
large number of small grooves close to each other, no less than 40, we believe, in a 
gun of inches' bore. The shot or shell Mr. Armstrong usually makes of cast-iron, 
of about three diameters in length, and covers it entirely over with thin lead, so that 
it may readily conform Itself to the rifled interior of the bbre when forced forward by 
the explosion of the charge. Provision for loading the gun at the breech is made by 
cutting a slot near the breech end down from the upper side into the bore, of a 
sufficient Jength to admit the elongated projectile and the charge of powder, and of a 
breadth slightly greater than the diameter of the bore. The bore itself is also 
slightly enlarged where it opens into the space formed by cutting out the slot, in order 
that the projectile and powder, after being lowered into the slot, may be easily- 
pressed forward by hand or other means into the bore. In order to close the space 
formed by tlie slot after the gun is charged, a movable breech-piece is formed to fit 
into it, and is furnished with two handle.s. by means of which it may be l^ed out or 
dropped into its place as required. This breech-piece has fitted to its front face a 
facet of copper, a portion of wliich projects slightly, so as to forma disc which, when 
the hreecli-piece is forced a little forward, will enter the bore behind the charge, and 
by its expansion, at the moment of explosion prevent all escape of gas. The slight 
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forcing forward of the breech-piece is effected by means of a strong screw passing in 
through the extreme breech end of the gun, and pressing against the rear end of the 
breech-piece. This screw is turned by a hand lever. The fore end of the brcech- 
piece is bored out at the centre, the bore extending through the copper disc, and into 
this hore is placed at the time of loading a small discharging cartridge. The “ touch- 
hole,” or hole for the detonating plug, is formed in the breech-piece, passing down 
from its upper side into its bore j so that when the piece is to be discharged the 
detonating cap or plug is struck, the small discharging cartridge is thereby fired, and 
its fire is instantaneously communicated to the main cartridge in the bore of the gun 
itself. With his shells Mr, Armstrong uses a percussion fuse of his invention for 
causing the shell to hurst on striking an object, in case the striking takes place before 
the time-fuse has operated. In a cylindrical case within the shell Mr. Armstrong 
fixes a weight or striker, by means of a pin passing through it and the sides of the 
case. This pin is cut or broken by the shock which the projectile receives in the gun 
at the instance of firing, and the striker being thus liberated recedes to the rear end 
of the case, and there remains until the velocity of the shell is checked by coming 
into contact with some object. When this takes place, the striker, not participating 
in the retardation of the shell, advances in the case, and causes a patch of detonating 
composition to he carried suddenly against a fixed point, which fires the composition 
and ignites the bursting charge in the shell. 

Experiments have shown that a 32-pounder gun, constructed upon Mr. Armstrong's 
system, has a greater range and fires with greater accuracy than any gun at present 
in use in the navy; and yet, w'hile the former weighs but 20 cwt.. the present weighs no 
less than 95 cwt. We may therefore at once reduce the wciirht of our naval guns 
by nearly three-fourths, without impairing their range or aim. Tliis would enor- 
mously increase the facility of handling them, and therefore leave us free to greatly 
reduce the number of men employed to work them. Again, with the breech-loading 
arm it would probably be found possible to get rid of the running out and in of the 
gun while in action, by counteracting the recoil in some suitable way ; and for this 
reason, also the number of men required to work them might be very much below the 
present staff. Again, both the bore and the thickness of the metal of the gun being 
greatly reduced, the external diameter of the gun will bo so small that very small 
ports only would be necessary, and this would add materially to the safety of the 
gunners, especially in close action. Another advantage might be gained in the use of 
certain guns, particularly the bow-chase guns, on board ship. It is always a matter 
of great difficulty to give such a form to the ship that the muzzles of these may, when 
the guns are run out, project sufficiently far to carry the fire of the explosion clear of 
the vessel. With the long, slight Armstrong gun this difficulty would not be ex- 
perienced. See Shells. 

GUNNY CLOTH or BAGS. The coarse sacking made in India, which is used 
for wrapping rice, spices, 8cc. The Bengal gunny cloth is made of tlie fibre of a species 
of Corchorus, while that of Bombay and Madras is manufactured from different kinds 
of sunn- fibre, the Crotolaria juncea . — Simmonds. 

GUNPOWHEK. The discovery of gunpowder has been claimed for Roger Bacon 
and Schwartz. The ground for this appears to be no more than this. In their 
writings the earliest recorded mention of the discovery is made in any European lan- 
guage. Roger Bacon, unquestionably antecedent to his German rival, was born 1214 
and died 1292 ; and his work, “De Nuliitate Magias,” appears to have been written 
about 1270, while Kircher’s account gives 1354 as the date of the discovery by Schwartz. 
It appears, however, that an Arabic manuscript exists in the collection of the Escuriul 
which unmistakably describes gunpowder and its properties, the date of which is an- 
terior to 1250. — Mallet. 

This well known composition is employed for charging the numerous varieties of 
fire arms. Its use depend! upon the fact that, at the moment of ignition, violent 
deflagration takes place, accompanied by the evolution of a large volume of gas. It is 
evident that if the explosion occurs in a limited space, a vast pressure accumulates 
and becomes a propulsive force. The gas produced by the explosion of good gun- 
powder occupies nearly 900 times the volume of the powder itself; but, owing to the 
high temperature, the space occupied by the gas at the moment of formation, is pro- 
bably nearly 2700 times greater than the volume of the powder. One of the most 
popular errors regarding the projectile force of explosive substances, arises from the 
extremely vague meaning generally attached to the words strong, powerful, and other 
equivalent4erms. It is this which leads so many to imagine the possibility of attain- 
ing marvellously long ranges by means of the various fulminating substances known 
to chemists. The latter are unfit for use in firearms, owing to a variety of circum- 
stances. One of them is the extreme rapidity of their explosion. The whole mass ap- 
pears to be converted into gas at once, whereas in gunpowder tlie ignition proceeds from 



GUNPOWDEK. 


429 


particle to particle. Tlie action of fulminates is aEo too local ; if a portion of any of 
the more violently explosive substances be fired on a piece of metal, the latter vrill be 
perforated or depressed exactly at the spot occupied by the substance, and if it be 
attempted to use it to charge firearms, they will be destroyed, and yet, in all proba- 
bility the bullet not projected. Moreover, it is impossible to use fulminates success- 
fully for charging shells, because the latter, instead of being blown into pieces of 
moderate size, capable of inflicting large -wounds and thro-wing down buildings, 
become converted into fragments so small as to be far less destructive. The escape 
of flie Emperor of the French, from a recent attempt at his assassination, was pro- 
bably owing to this circumstance. 

It has been found that no composition fulfils so many requisites for charging fire- 
arms as a mixture, in due proportions, of sulphur, nitre, and charcoal. It is this 
composition which, in the form of small grains, more or less polished, constitutes gun- 
powder. The latter should possess several properties which, although sometimes 
tending in opposite directions, are not entirely incompatible, and may therefore be 
nearly attained in praci ice. Some of the principal of these are the following ; — 
1. The proportions should be so adjusted that the combustion may be complete, and 
little residue be left after explosion. 2. The powdei^hould be as little hygrometric 
as possible. 3. It should he sufficiently, but not too explosive. 4. It should be hard 
and dense enough to bear carriage without breakage of the grains. 

Too great a proportion of carbon and sulphur will cause rapid fouling of the gun, 
and the explosive force will be less than it should be ; too small a proportion of 
sulphur will render the powder too hygrometric. The presence of soda or chloride 
of potassium in the nitre will lead to the same fault. The powder must be sufficiently 
stamped, or it will not possess the fourth requisite. 

The history of gunpowder may be conveniently studied under the following 
heads : — 

Preparation of the ingredients. 

Mixture and granulation. 

Modes of estimating projectile force. 

Analysis of gunpoNNder. 


Prepabatiox of the Ingredients. 

Preparation of the nitre. — The nitre employed for powder is always in a state of 
almost absolute purity, especially as regards the presence of the chlorides of potassium 
or sodium. The crude nitre of commerce contains several impurities, among which 
are found nitrates of soda and lime, chlorides of potassium and sodium, and sulphates 
of potash and soda. They are all removed by crystallisation. The principal 
impurity is common salt. The process of purification is founded on the 
that, the latter substance is almost equally soluble in hot or cold water, whereas 
nitre is far more soluble in hot than in cold water. The following is the French 
mode of refining saltpetre : — 1200 kilogrammes are gently heated with feoo litres 
of water in a copper boiler. The solution is constantly stirred and skimmed, and 
more nitre is added, until the total quantity is 3000 kilogrammes. As soon as 
the whole is added, and it is presumed that all the nitre is dissolved, the com- 
mon salt is removed from the bottom of the boiler. The solution is now to he 
clarified with glue. For this purpose 400 litres of water are added by small portions 
and then.l kilogramme of the glue dissolved in hot water. The scum, which soon 
rises, is removed, and the fluid is boiled until clear. The whole is then allowed to 
cool to about 194*^, and the solution of nitre is carefully decanted from the layer of 
common salt into the crystallising vessel. The latter is a large shallow pan with 
sloping sides. The fluid is constantly stirred as it cools, in order that the crystals 
formed may be very small, this is done in order to facilitate the washing process and 
also because the fine powdery crystals are well adapted for admixture wilh the other 
ingredients. When the crystallising solution is cold the nitre is removed to boxes 
containing false bottoms, pierced with holes. The aperture in the bottom of the box 
(below the false bottom) being closed, a saturated solution of pure nitre is poured on 
the crystals to dissolve out the chloride of sodium. Being already saturated it is 
evident it cannot dissolve any of the nitre. After remaining two hours in contact 
with the nitre, the solution is allowed to run off, and when the dropping has almost 
entirely ceased, the process of washing is repeated, substituting pure water for tlie 
solution of nitre. The product is dried at a gentle heat, being constantly stirred to 
enable it to retain the pulverulent form. The power (above alluded to) possessed bv 
a saturated solution of nitre, of dissolving other salts has been taken advantage of in 
one of the processes for analysing saltpetre. Some manufacturers fuse the nitre after 
It has been purified by crystallisation, this process has several disadvantages among 
others that of necessitating machinery to reduce it again to a pulverulent state 
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Preparation of the sulphur.^ Sulphur may be purified for the gunpowder maker by 
two processes. In the first the crude auicle is fused in an iron pot, so contriveil tliat 
the fire does not play directly on the bottom, bat only round its sides. The lighter 
imparities are to be removed by skimming, while the heavier sink to the bottom. 
The temperature should not be allowed to rise much above 232°, for it then be- 
comes sluggish, and at 320^ it is so thick as to prevent the impurities from being 
removed. 

Sulphur may be more readily and economically purified by distillation. The 
apparatus for the purpose is exceedingly simple in principle; but the process re«juircs 
care, and is not entirely free from danger. As it is not intended to obtain the sulphur 
in the state of flowers, the apparatus for condensation is not reqiuieil to he kept o(»ld ; 
in fact, the still is purposely placed so near to the chamber of condeiiMition, tlut the 
sulphur may be received in the fluid state. There are several points winch must be 
attended to in the construction of an apparatus for the distillation of sulphur ; tiiey arc 
as follows : — t. The crude sulphur must be capable of being introduced, and the 
refined product removed easily, without air being, at the same time, permitted to 
enter the still or condenser. 2. Free means of egress for the heated air must be 
provided. 3. The contrivance the htter purpose must not allow fresh air to return. 

4. The process must be continuous. The still and condenser employed in France for 
the purification of crude sulphur fulfils ail these conditions. Tiie still is in the form 
of a very wide necked tubulated retort, made of cast iron. It is set in brickwork over 
a furnace, and opens into a square brick chamber surmounted by a dome. The latter 
has a rather short chimney over it, containing a \alve opening upwards to permit 
escape of the headed air, but not allowing anything to return. Over what may be 
termed the tubulature of the retort or still, is placed an iron pot with a tube commu- 
nicating with it. The pot is heated by the same fire that works the still. The crude 
sulphur is placed in the pot where it melts, and by raising a plug, which closes the 
tubulature, maj’^ be made to enter the stilL The pipe forming the tubulature ruses a 
short distance above the bottom of the iron supply pot. This is in order that any 
heavy mechauical impurities may sink to the bottom, and not enter the still, and 
unnecessarily clog it. If the pot be always kept full of nK-lted sulphur, and the lattet 
is permitted to enter by raising the plug, it is evident that no air will find it way into 
either the retort or condenser. It is exceedingly important lluit tliis should he the 
case, because violent explosions are liable to occur if the highly heated vapour of 
sulphur comes in contact with an oxidising medium, such as atmospheric air, which 
would convert it into sulphurous acid. The mtdted sulphur which collects on the 
floor of the chamber is allowed to flow out when desired, by means of an iron plug 
attached to a rod of the same metal. The sulphur is not allowed to run out entirely, 
so as to permit air to enter, for the reason slated above. Tl>e loss occurring during 
the purification is owing partly to oxidation, resulting m the formation of sulphuibus 
acid, and partly to the fixed impurities contained in the crude material. See also the 
article Sclphl'K. 

Preparation of the charcoal.'- Of the three ingredients of gunpowder, the most im- 
portant is generally considered to be the charcoal. Unfortunately the woods which are 
best adapted for the production of pyroligneous acid, arc not fitted for the manufac- 
ture of gunpowder; the charcoal must, therefore, be prepared specially. The follow- 
ing are the essential properties of good charcoal for powder : — 1. It should be light 
and porous. 2. It should yield little ashes. 3. It should contain little moi^-ture. 
The woods yielding good powder charcoals are black alder, poplar, spindle tree, black 
dogwood, and chestnut. Hemp stalks are said to j ield good charcoal for gunpowder. 
The operation of preparing the charcoal naturally divides itself into three processes. 
1. The selection of the wood, 2. Preparation of the wood previous to carbonisation. 
3. The carbonisation. 

In selecting the wood care is to be taken to avoid the old branches, as the charcoal 
made from them would yield too much ashes. The bark is to be rejected for the same 
reason. I'Ac wood is to be cut into pieces from feet to 6 feet long. If the branches 
used are more than J of an inch in diameter they are to be split. If the wood be 
too large, great difficulty will be found in uniformly charring it. 

There are two methods employed in the charring of wood for gunpowder. In 
one, the operation is conducted in pits ; but the proci ss more commonly resorted to is 
distillation in cylindrical iron retorts. There are certain advantages in the pit pro- 
cess, but they are more than counterbalanced by the convenience and economy of 
distillation.^ The stills used are about 6 feet long, and 2 feet 9 inches in diameter. 
The ends of the cylinders are closed by iron plates, pierced to admit tubes of the 
same metal. Some of the latter are for the introduction during the carbonisation of 
sticks of wood, which are capable of being removed to indicate the stage of the de- 
composition, while another communicates with the condenser. The more freely the 
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Tolatile matters are allowed to escape the better the quality of the resulting charco;il. 
If care be not taken in this respect, especially as the distillation reaches its close, the 
tarry matters become decomposed, and a hard coating of carbon is deposited on the 
charcoal, -which greatly lowers its quality. The process of burning in pits is consi- 
dered to jield a superior coal, owing to the facility with -which the gases and xapours 
fly off. 

The degree to which the burning or distillation is carried, materially influences the 
nature of the resulting powder. If the operation be arrested before the charcoal 
becomes quite black, so that it may retain a dark-brownish hue, the powder -will be 
more explosive than it would be if it were pushed until the charcoal had attained a 
deep black colour. When it has been found that no more volatile products are being 
given off, the fire is damped, and in a few hours the contents of the cylinders are 
transferred to -well closed iron boxes to cool. 

Mixture and Granulation. 

A very considerable number of methods have been employed at various times, for 
effecting that thorough incorporation of the iugredi^ts necessary for the production 
of a good powder. The oldest method consists in stamping the materials in wooden 
mortars. The pestles are square shafts of -wood ending in brass beaters. The 
mortars arc of wood, and so shaped that any of the composition which may be forced 
upwards by the blows of the stampers, falls back to the bottom. In order to prevent 
fracture of the mortars, a piece of wood of the toughest kind should be let in on the 
spot where the pestle falls. The pestles are raised by means of cogs fixed on a shaft, 
driven by a water wheel or steam engine. 

One of the many methods adopted to mix the nitre, sulphur, and charcoal, is by 
means of drums containing metallic balls ; but this arrangement is inferior to that 
where edge stones are employed. This last is superior to all others, the product being 
not only very dense and, therefore, capable of enduring, without becoming pulverulent, 
the motion unavoidable in carrying it about ; but it is also thoroughly incorporated. It 
is, of course, essential that the stones, and the bed on which they work, should not strike 
fire during work. To secure this, they are sometimes made of calcareous stone, and 
sometimes of cast iron. Previous to being subjected to the action of the mill, the ingre- 
dients must be pulverised and mixed. The pulverisation may conveniently be 
effected in wooden drums, containing metallic balls. The pulverised materials, after 
being sifted or bolted, and weighed out in the proper proportions, are to be inserted 
in a mixing drum, containing on its inside pieces of wood projecting inwards, so that, 
as it revolves, complete admixture gradually takes place. The product of the last 
operation is now ready to be laid on the bed of the mill. During the grinding, the 
cake is kept moist by the addition, at proper intervals, of enough water to make it 
cohere. As the stoues revolve, a scraper causes the material to take such a position 
that it cannot escape their action. The cake produced by the action of the stones is 
ready for graining or coming. For this purpose the cake is subjected to powerful pres- 
sure, by means of a hydraulic press. The mass is then broken up and transferred to 
a species of sieve of skin or metal pierced with boles. A wooden flail is placed on the 
fra^ents, and the sieves are violently agitated by machinery. By this means the 
grains and dust produced by the operation fall through the boles in the skin or metal 
discs, and are ^erwards separated by sifting. Sometimes the machinery is so arrab<’‘ed 
that the graining and separation of the meal powder is effected at one operation. 
The meal powder is reworked, so as to convert it into grains. The next operation 
to which the po-wcler is subjected is glazing. Its object is to render it less liable to 
injury, by absorption of moisture or disintegration during its carriage from place to 
place. The glazing is eftected by causing the grained powder to rotate for some 
time in a wooden drum or cylinder, containing rods of wood running from end to end. 
The grains as they rub against each other and against the wooden ribs, have their 
angles and asperities rubbed off, and at the same time the surface becomes harder and 
polished. It is finally dried by exposure to a stream of air, heated by means of 
steam. 

A vast number of experiments have been made, at various times, to discover the 
proportions of nitre, sulphur, and charcoal best adapted for the production of gunpowder. 
It has been found, as might have been anticipated, th^t no general rule can he given, 
no admixture can be made which shall fulfil every requirement. Those powders 
which contain the largest quantities of charcoal are, it is true, as powerful as others 
in projectile force ; but they have the disadvantage of attracting more humidity from 
the air. It is very singular that all nations appear to have found, by trial, the propor- 
tions most generally useful for ordinary purposes, and it is worthy of remark, that 
they all approximate to the percentages required by the very simple formula. 
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KO.NO+S + SC. In fact, the Prussian powder approaches so closely the theo- 
retical numbers, that they fall within the limits of the errors of analysis, thus : — 


Prussian powder. 

Nitre - 

- 7j*0 

Sulphur 

- 11-5 

Charcoal 

- 13-5 


1000 


Theoretical proportions. 


KO,N(P 93 or 1 equivalent 74 8 
S - 16 „ „ 11-9 

0-18 or 3 equivalents 13'3 


127 100-0 


When a powder constituted as above is fired, the decomposition is probably as 
follows (represented in symbols) : — 

KO,NO»+ S + 3C=3CO= + N + KS. 

That is to say, the explosion of one equivalent of powder results in the formation of 
three equivalents of carbonic acid, one of nitrogen, and one of sulphide of potassium. 
It is evident that these theoretical relations are not absolutely the true expres-ion of 
the phenomena, because, in the first place, gunpowder is merely a mechanical mixture, 
and not a definite chemical cdtnpound ; and, in the next, the charcoal is repre- 
sented by the symbol C as if it were pure carbon, whereas, in fact, even the purest 
and best made charcoals contain variable amounts of hydrogen, ashes, and oxj gen. 
The hydrogen is partly converted into water and partly into hydrosulphtiric acid 
(sulphuretted hydrogen). 

The following are the proportions of the ingredients used in various countries. 


Table of the Composition of various Gunpowders. 



Nitre. 

%u)phur. 

Charcoal. 

English war powder . - . 

75 

10 

15 

„ sporting ditto - - . 

77 

9 

14 

French war powder - . • 

75 

12-5 

12-5 

„ sporting ditto - - - 

76-9 

9-6 

l.T-5 

„ blasting ditto . . - 

62 

20 

18 

„ „ ditto (another kind) 

65 

20 

15 

United States war powder - 

75 

12-5 

12-5 

Prussian war powder - - . 

75 

11-5 

13'5 

Russian 

73-8 

12-6 

13-6 

Austrian „ „ ■ - - . 

75 

10 

15 

Spanish „„---- 

7C*5 

12-7 

10-8 

Swedish - 

/a 

16 

9 

Chinese 

757 

I-1-4 

9-9 


Blasting powders contain less nitre than others, the combustion is therefore less 
perfect, and if used for artillery or small arms, not only is the piece very soon ren- 
dered foul, but the ball is projected to a much less distance than is required in prac- 
tice. In France, where a heavy tax is laid on sporting powders, this difference of 
composition prevents the cheap blasting powder from being used in fowling pieces. 

Modes of estimating the Projectile Force op Gunpowder. 

The usual mode of determining the propulsive force of powder is by ascertaining 
the distance to which it can throw a ball of known weight. The instrument used 
in this country for this purpose consists of an 8-inch mortar charged with 2 ounces of 
powder, the balls being in each case of the same size and weight. The French use 
for the purpose an iron mortar, elevated at an angle of 45°. The mortar is 7-5 inches 
in diameter. The ball is of bronze, and is only 0 067 inches smaller than' the bore 
of the gun; the windage is, consequently, very small. The charge of powder being 
3-2 ounces, and the weight of the ball 65 lbs., the latter should be thrown not less 
than 437-5 yards. 

The force of powder may also be estimated by means of an instrument, called a 
pendulum gnn. It consists of a gun barrel hung at the lower end of a pendulum, so 
arranged that the amount of angular deviation caused by the recoil m.ay be measured; 
the balls may also be fired into a cup suspended to a similar pendulum. The data ob- 
tained serve to enable the rapidity of motion of the ball, at the moment of discharge, 
to be calculated by means of formulae contrived for the purpose. 
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Ox THE AxALYSIS OF GuNPOWDER. 


Several methods have been given by varions chemists for the analysis of gun- 
powder : the follow ing, on the whole, appears the most effective : — The percentage of 
water is, in the first place, to be determined by drying in vacuo over sulphuric acid, 
until no more diminution of weight occurs. The dried powder, or a fresh quantity, 
is then to be washed on a filter with boiling water, until nothing more is dissolved out. 
The residue is to be dried below 212° and w'eighed; the loss is the nitre. If pre- 
ferred, the solution of the nitre may be evaporated to drynes'5, and the residue 
weighed. The mixture of charcoal and sulphur is then to be digested in a stoppered 
flask, with bisulphide of carbon; this will dissolve out the sulphur and leave the 
charcoal. The loss of weight of the dry mixture of sulphur and charcoal will enable 
the percentages of sulphur and charcoal to be calculated. If it be desired to know 
the quality of the charcoal, a combustion of it may be made wdth a mixture of chro- 
mate of lead and bichromate of potash. Ordinary charcoal contains from 69 to 7-1 of 
carbon, 3’9 to .^‘5 hvdrogcn, 0*5 to 3 0 per cent, ashes. It has been attempted to dis- 
solve out tlie sulphur with sulphite of soda or caustic potash ; but these methods in- 
volve several sources of error. , * 

Good gunpowder should not lose more than 1 per cent, of moisture on drying. It 
should not leave alkaline globules, when exploded on a clean metallic plate. The 
specific gravity of a good powder should not be less than T755 ; it is sometimes as 
high as rSdO. The denser tlie powder the better it endures transportation. As the 
density cannot be taken in water, owing to the solubility of the nitre, turpentine or 
benzole must be substituted, a correction being made for the difference in density of 
the fluid medium, — C. G. W, 

GUTTA PEUCIIA. Although the trees yielding this substance abound in the 
forests of the Ind.au Archipelago, the first notice taken of it appears to have been 
by Dr. W. Montgomerie, in a letter to the Bengal Medical Board, in the beginning of 
18 13, wherein in* recommends tlie substance as likely to prove useful for some surgical 
purpose^, and sujipos^'s u to belong to the fig tribe. In April, 1843, the substance was 
taken to Europe by Dr, D'Almoida, who presented it to tlie Royal Society of Arts of 
London, but it did not at first attract much attention, as the Society simply acknow lodged 
the receipt of the gift ; whereas, its value becoming known, they awarded a gold medal 
to Dr. W. Montgomerie. 

The gutta percha tree, or gutta tuban, as it ought more properly to be called, 
according to Mr. Oxley, belongs to the natural family Supotea^ but differs 
much from all described genera, having alliance with both Achras and Bassia^ but dif- 
fering in some essentials from both. It is the Isonandra gutta of Hooker, and is 
described in the London Journal of Botany, 1848, where it is figured, and in Pereira’s 
Materia Medica. 

The tree is of a large size, from 60 to 70 feet in height, and from 2 -to 3 feet in dia- 
meter. Its general appearance resembles the genus Durio, or well known Doorian, so 
much so as to strike the most superficial observer. The under surface of the leaf, how- 
ever, is of a^ore reddish and decided brown than in the durio, and the shape is some- 
what different. 

Only a short time ago the gutta percha tree was tolerably abundant on the island of 
Singapore ; but already all the large tirabrr has been felled, and few, if any, other 
than small plants, are now to be found. The range of its growth, however, appears to 
be considerable, it being found all up the Malajun Peninsula, as far as Penang. The 
tree is also found in Borneo, and, there is little doubt, is to be found in most of the 
islands adjacent. 


The localities it particularly likes are the alluvial tracts along the foot of hills, where 
U flourishes luxuriantly, forming, in many spots, the principal portion of the juno-le. 
But, notwithstanding the indigenous character of the tree, its apparent abundance and 
wide-spread diffusion, the gutta will soon become a very scarce article, if some more 
provident means be not adopted in its collection than those at present in use bv the 
Malays and Chinese. 

^ Montgomerie says » a magnificent tree of 50, or more probably 100 years’ growth 
IS cut down, the bark stripped off and the milky juice collected and poured into a 
trough formed by the hollow stem of the plantain leaf ; it quickly coagulates on ex- 
posure to the air ; but from one tree I am told not more than 20lbs. or 301bs ar^ 
procured. 

The mode in which the natives obtain the gutta is by cutting down the *rees of 
full growth, and ringing the bark at distances of about 12 to 18 inches apart and 
placing a cocoa-nut shell, spathe of a palm, or such like receptacle, under the fallen 
^unk, to receive the milky sap that immediately exudes upon every fresh incision 
1 fais sap IS collected m bamboos, taken to their houses, and boiled, in order to drive off 

V OL. 1 [. F F 



434 


GUTTA'^PERCHA. 


the watery particles and inspissate it to the consistence it finally av^-sumes. Although 
the process of boiling appears necessary when the gutta is collected in large quaiuitit'j, 
if a tree be freshly wounded, a small quantity allowed to exude, and it be collected and 
moulded in the band, it will consolidate perfectly in a few minutes, and have all the 
appearance of the prepared article. 

When it is quite pure the colour is of a greyish white ; but, as brought to market, it 
is more ordinarily found of a reddish hue, arising from chips of bark that full into the 
sap in the act of making the incisions, and which yiedd their colour to it. Besides 
these accidental chips there is a great deal of intemional adulteration by sawdust aud 
other materials. Some specimens brought to market do not contain much less than 
^ lb. of impurities: and even in the purest specimens, one pound of the suhsiunce 
yielded, on being cleansed, one ounce of impurities. Fortunutel\ , it is not ditficult 
to detect or clean the gutta of foreign matter, it being only necessary to boil it m 
water until well softened, roll out the substance into Uun sheets, and then pick out all 
impurities, which is easily done, as the gutta does jiot adhere to anything, and ail 
foreign matter is merely entangled in its fibres, not incorporated in ils substance. 
The quantity of gutta percha obtained from each tree varies from 5 to 20 catties, so 
that, taking the average at lol'attics, whicl^is a tolerably liberal one, it will require 
the destruction of ten trees to produce one ptcuL How much better would it, therc> 
fore, be to adopt the method of tapping the tree, practised by the lUirmcse in obtaining 
the caoutchouc from the Ficus elastica (viz. to make oblique incisions in the bark, 
placing bamboos to receive the sap which runs out freely). True, they would not at 
first get so much from a single tree, but the ultimate gain would be incalculable, 
particularly as the tree seems to be one of slow growth; by no means so rapid as the 
Ficus elastica. 

Properties of the Gutta percha. — This substance when fresh and pure, is of a dirty 
white colour, and of a greasy feel, with a peculiar leathery smell. It is not alfected 
by boiling alcohol, but dissolves readily in boiling spirits of turpentine, also in naphtha 
and coal-tar. A good cement for luting bottles and other purposes is formed by 
boiling together equal parts of gutta and coal-tar and resin. When required for U}>e, 
it can always be made plastic by putting the pot containing it over the fire for a few 
minutes. The gutta percha itself is highly inflammable; a strip cut off takes light, 
and burns with a bright flame, emitting sparks, and dropping a black n-siduum in the 
manner of sealing wax, which in its combustion it very much resembles. But the 
great peculiarity of this substance, and that which makes it so eminently useful for 
many purposes, is the effect of boiling water upon it. When immersed for a few 
minutes in water above Fahr. it becomes soft and plastic, so as to be capable of 
being moulded to any required shape or form, which it retains upon cooling. If a strip 
of it be cut off and plunged into boiling water, it contracts in size both in length and 
breadth. 

It is this plasticity when plunged into boiling water that has allowed of its being 
applied to so many useful purposes, and which first induced some Malays to fabricate 
it into whips, which were brought into Singapore, and led to its further notice. The 
natives subsequently extended their nianutactures to buckets, basins, andliyugs, shoes, 
traces, vessels for cooling wines, and several other domestic uses. Its easy plasticity 
and power of retaining any shape given to it when cool, at once pointed it out as 
suitable for the manufacture of bougies; and accordingly Dr. W. Montgomerie, 
availed himself of this, made several of the above instruments, and recommended the 
use of it to the Bengal Medical Board. It also answers very well for the tubes of 
syringes, which are always getting out of order in hoi climates, when made of 
cjoutchouc. 

Mr. 'r. Oxley, surgeon. Prince of Wales Island and Malacca, whose remarks are 
of much value from his acquaintance with the production of which he writes, says : — 

“ I observed in the Mechanics* Magazine for March, 1847, a notice of several 
patents taken out for the working of this article by Mr. Charles Hancock, in which an 
elaborate process is described for cleaning the gutta, as also mention of its having a 
disagreeable acid smell. The gutta, when pure, is certainly slightly acid, that is, it will 
cause a very slight effervescence when put into a solution of soda, but is unaffected 
by liquor potass®. The smell, although peculiar, is neither strong nor unpleasant, so 
that the article experimented upon must have been exceedingly impure, and possibly 
derived a large portion of its acidity from the admixture and fermentation of other 
vegetable substances. Again ; it appears to me that, if the gutta be pure, the very 
elaborate process described as being necessary for cleaning it, is superfluous. The 
gutta can be obtained here in a perfectly pure state by simply boiling it in hut 
water until well softened, and then rolling it out into thin sheets, when all 
f( reign matter can he easily removed. I would recommend that the manufacturers 
at home should offer a higher price for the article if previously strained through 
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cloth at the time of being collected, when they will receive the gutta in a state that will 
save them a vast deal more in trouble and expense than the tritiing addition necessary 
to the original prime cost.” 

In February, 1847, Mr. Charles Hancock obtained a patent for improvements 
in the manufacture of gutta percha. In the first place, for the construction of a 
slicing machine, consisting of a circular iron plate, farmed with three radial slots, in 
which knives are fixed in a similar manner to the irons of an ordinary plane or spoke 
shave ; the shal't which carries the plate is caused to rotate by steam or other power. 
I'he lumps of gutta percha drop against the knives, by which they are cut into 
slices, of a degree of thickness corresponding to the projection given to the knives. 
These slices are then soaked in a vessel of hot water till they become pliable. Instead 
of a circular revolving cutter, a vertical cutter or chopper may be used ; curved knives 
may be had recourse to for refractory lumps. The softened slices are next subjected 
to the action of breakers or rollers w ith serrated blades, which are mounted transversely 
over the tank. In front of each breaker there is a pair of fluted feeding rollers ,* and 
the pieces of gutta percha are pa«:sed to the rollers of the first breaker. There is an 
inclined endless web mounted upon two rollers, the ^ont one of which is immersed in 
the water, and the other is situated opposite the space between the feeding rollers of 
the second breaker. There is a second inclined web placed before the third breaker. 
There is also a mincing cylinder with radial blades working partly in the water. 
The feeding-rollers, and the carrying-rollers of the endless w'ebs, are made to revolve 
in a forward direction, while tlie breakers, the mincing cylinder, and the agitator, are 
made to revolve in the opposite direction. The breakers and mincing cylinder should 
revolve at the rate of from 600 to 800 revolutions per minute, but the feeding rollers 
and endless webs need not move faster than about one-sixth of that rate. Thus, the 
substance is reduced to fragments and washed in the water, the heavy impurities falling 
to the bottom of the tanks, and the light purer matter floating. The water should 
be used cold. When the gutta percha hasafetid smell, it is treated with carbonate of 
soda or chloride of lime. The same apparatus may be used for purifying caoutchouc. 

Mr. Hancock combined sulphur with gutta percha in the following manner: —He 
found that if a minute portion of sulphur be used along with a sulphide the best 
result is obtained ; the proper proportions being 6 parts of sulphide of antimony, 
or hydrosulphide of lime, and I part of sulphur to 48 parts of gutta porchm 
When these materials have been mixed, the compound is put into a boiler and heated 
under pressure to a temperature of from 260® to F. and it is to be left in this 
state for a period varying from half an hour to two hours, according to the thickness 
of the materials. He prefers, for effecting the union of the sulphurous constituent, 
the following method to the masticating machine. 1st He subjects the purified gutta 
percha to the combined action of steam and the fumes of orpiment and sulphur mixed 
in the proportions stated, in a metal chamber, provided with a steam-tight cover 
secured by screw-bolts. There is also a steam boiler connected therewith, and when 
the heat in it is raised to about 280® Fahr., a fire is lighted beneath the pot contain- 
ing the sulphurising materials. But the gutta percha, &c., should be heated with the 
steam befoul it is sulphurised. In from half an hour to two hours the sulphurising4s 
finished. Or, the gutta percha may be rubbed strongly over with the sulphurous 
mixture and then heated, either dry or with the aid of steam, or it may be coated in 
the form of a paste. 

Another of Mr. Hancock’s inventions is to expose the gutta percha to the deutoxide 
of azote, or chloride of zinc, concentrated and boiling hot, and then washing with an 
alkaline solution or mere water. Gutta percha thus treated by the action of nitrous 
gas, as it is evolved from nitric acid and copper, iron, or zinc, becomes exceedingly 
smooth, and of a lustre approaching to metallic ; the same effect is produced upon 
common unsulphurised caoutchouc. Gutta percha is thus also freed from all sticki- 
ness ; and if sulphurised it acquires under this treatment the downy softness of velvet. 
Chloride of zinc and nitrous gas remove the smell of vulcanised caoutchouc in a great 
measure, especially if it be afterwards washed. 

Another iivention is that of masticating gutta percha in the proportion of 6 parts 
with 1 of chloride of zinc; which compound may be afterwards sulphurised. A 
further modification consists in producing a spongy gutta percha for stuffing sofas, 
&c. 48 parts of it moistened with oil of turpentine, coal naphtha, bisulphide of car- 

bon, or other proper solvent, 6 parts of liydrosulphide of lime, sulphide of antimony 
or other analogous sulphide, 10 parts of carbonate of ammonia, carbonate oilime, or 
other substance that is either volatile or capable of yielding a volatile product, and 1 
part of sulphur. Mr. Hancock mixes these materials together in a masticator, and 
then subjects them to a high degree of heat, observing the same conditions which 
are stated m the former description, except only that the heat may be pushed with 
advantage several degrees higher, say from 260® to 300®, 
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Varionfl articles are manufactured of ordinary gutta percha, such a*? '•InpK* and 
double texture waterproof fabrics, boots, galoslifs, bells, bandages, trowst-rs and other 
straps, capes, Ufe-preservers, tubes, knapsacks, caps, cups, and other \eS''el> of c ip icitv, 
hammer cloths, cotton spinning rollers, backs of cards for carding wool, pianoforte 
hammers, paper holders, springs, trusses, &.c. Ily taking the gutta pereha att- r it 
has been sulphurised, and brushing it vuih a solution of risin in boiling oil ( lins» • <l ' ), 
placing it in a chamber heated to from 7a" to lot)'^ Kahr., and afterwards pr)iishing 
it by the means usually employed by the japanutrs, it acijuircs the lustre of japaniud 
wares- 

Mr. Hancock has also contrived a machine for cutting gutta ]'cr(]ia into strips or 
riband, threads, or cord of any required shape. It consists of twi> gn.o\id rollers of 
iron or steel, mounted in a suitable framework. The grooves of i aidi roller aie semi- 
circular, and the projecting divisions between the grooves arc made w itli knife edge s, 
so as to divide readily any sheet or mass of gutta percha presented to them. The 
under roller is flanged at both ends, and the upper roller is made to fit inside of tlu'se 
flanges, in order to keep the cutting edges from shifting or being damaged. To eut 
thin sheets of gutta percha with, this machine into strips or ribands, the material is 
passed through it in a cold state, and only the cutting edges are brought into opera- 
tion. To make round cord or thread by means of it, either a sheet of gutta perclia of 
a thickness equal to the diameter of the holes formed by the grooves, and at a tem- 
perature of 200® Fahr. (produced by supplying it from a feeding.ch.vmhiT li. -itnl to 
that degree) is passed through the machine, and tlie thrtads or cords aw reccivcfl in 
a tank of cold water, from whicli thi-y ar<* led away to be wound tm ni ls or drums ; 
or the gutta percha is employed in a plastic state, and passed under a gauge before it 
enters the machine. If it be desired to ]uoduce a coni of a semicircular form tn the 
transverse section, a plane roller is substituted for the lo^Je^ grooved roller ; or slmuM 
cord of a square, triangular, or bexaogular, or any other form be required, the two 
rollers must be shaped to suit. 

Gutta PercAa Tubes. — A series of interesting experiments have been made at the 
Birmingham Waterworks, relative to the strength of Gutta Percha Tubing, with a 
view to its applicability for the conveyance of water. The experiments were made 
(under the direction of Henry Rose, Esq., engineer), upon tubes } of an inch diameter, 
and one eighth, of gutta percha. These were attached to tlie iron main, and subjected 
for two months to a pressure of 200 feet head of water, without being in the slightest 
degree deteriorated. In order to ascertain if possible the maximum strength of the 
tubes, they were connected with the Water Company’s hydraulic proving pump, the 
regular load of which is 250 lbs, on the square inch. At this point the tubes were 
unaffected, and the pump was w'orked up to 337 lbs., but to the astonishment of every 
one the tubes still remained perfect. It was then proposed to work the pump up to 
500 lbs., but it was found that the lever of tlic valve would not bear this weight. The 
utmost power of the hydraulic pump could not break the tubes. 

The gutta percha being somewhat elastic, allowed the tubes to become slightlv ex- 
panded by the extraordinary pressure which was applied, but on its withdrawal* they 
retumed their former size. 

This tubing is such an extraordinary conductor of sound, that its value, not only 
to deaf persons but to the public generally, will speedily be appreciated. It has 
already been fitted up in dwelling houses, in lieu of bells ; — as speaking tubes for 
giving and receiving messages in mines, railway stations, prisons, workhouses, hotels, 
and all large establishments, it is invaluable. 

Properties of common Gutta Percha.— The gutta percha, purified for manufacturing 
purposes, is of a reddish-brown colour ; it readily becomes electrical by friction and 
is a bad conductor of both electricity and heat. At the ordinary temperature of our 
climate, say from 32® to 77®, it possesses about as much tenacity as thick leather, with 
rather less flexibility; it softens and becomes sensibly doughy towards 120®, aithougli 
still very tough. Its ductility is such, at a temperature of from 110® to 241®, that it is 
readily extended into thin sheets, or drawn into threads or tubes ; its flexibility and 
ductility diminish as the temperature becomes lower. It does not posscssiut any tem- 
perature the peculiar elastic extensibility which characterises caoutchouc. Exposed 
for an hour to a temperature of 14®, its flexibility is slightly diminished. 

In its various forms, gutta percha possesses a peculiar porosity, as may be shown 
in the following manner: — A drop of its solution in sulphuret of carbon is to be 
placed op a glass slip ; the spontaneous evaporation soon reduces this solution to a 
whitish plate ; if it be then examined with the microscope, the numerous cavities with 
which it is pierced may be distinctly perceived. These cavities may be rendered 
still more visible by means of a drop of water; the liquid gradually insinuates itself, 
the mass appears more opaque, and by means of the microscope the cavities are seen 
to be enlarged. 



guttaVkrciia. 


437 


Similar results are obtained by keeping thin transparent laininre, obtained by tlie 
evaporation, by heat, of a solution of gutta percha immersed iu m ater fora considerable 
time. 

The preceding observations lead us to think, that this substance retaining, in con- 
sequence of its porosity, a great many minute particles of air, owes to this circum- 
stance its appearance of possessing a less density than that of water, namely 0 979, 
In fact, on stretching gutta percha under strong pressure, and immediately cutting 
the strips thus produced into very small pieces under water, the greater part of the 
fragments fall to the bottom of the vessel — some immediately, others after absorbing 
a Certain quantity of water. The same result is also obtained b} keeping very thin 
leaves of gutta percha, prepared bydiltereni methods, immersed tor a month in water 
deprived of air : their pores becoming gradually filled with the liquid, they became 
heavier than the water, and then ceased to float. Gutta percha is also heavier iu 
proportion to the length of time it lias been exposed to the air, particularly in thin 
leaves. 

The porous structure of gutta percha becomes changed into a fibrous texture when 
it is out so as to double its length: then r«aiuing but littie extensibility, it 

supports, without breaking, the action of a force equal to double that required for its 
elongation in the first instance. 

Common gutta percha resists cold water, damp, and also the various influences 
which excite fermentation ; but it can be softened, and experience a sort of superficial 
doughy fusion by the action of the solar rays in summer. 

ll is not attacked by alkaline solutions, even when cauNtic and concentrated ; am- 
monia, saline solutions, water containing carbonic acid, the various vegetable and 
mineral acids, do not act upon it ; the weaker alcoholic liquors (wines, beer, &c. ) do 
not touch it ; and e\eu brandy scarcely d:ss..lves a trace of it. Oiive-oil dots not ap- 
pear to attack gutta percha when cold; when hot, it dissolves a small portion of it, 
which IS again precipitated on eoohug. 

Sulphuric acul with mu* oquiv. ol water colours it brown, and disintegrates it w ith a 
sensible e\olutiou of siilpliurous acid. 

Muriatic acid, in its saturated solution in water at a temperature of F., attacks 
/ gutta percha slowly, and gives it a more or less deep brown colour, at length rendering 

It brittle. 

Monohydrated nitric acid attacks it rapidly, with effervescence and an abundant evo- 
lution of fumes of hypouitrous acid ; the substance is decomposed, and coloured of a 
brownish-orange red : it becomes doughy, and afterwards solidifies by degrees and re- 
mains friable. 

Iu the cold, and even by heat, only a part of the gutta percha (0-15 to 0*22) is dis- 
solved by anhydrous alcohol or ether. Benzine and spirits of turpentine dissolve it 
partially when cold, but nearly completely if aided by heat Sulphide of carbon and 
chloroform dissolve gutta percha when cold ; the solutions may be filtered beneath a 
bell-glass to prevent evaporation ; the filter retains the foreign matters of a reddish- 
brown colour, whilst the solution passes perfectly clear, and almost colourless. The 
filtered liquid, exposed to the air in a saucer, allows the solvent to escape, and deposits 
the white gutta percha in a plate of greater or less thickness, which shrinks gradually 
in proportion to the evaporation of the liquid. 

Except the colour, whieli has disappeared, the gutta percha then offers the characters 
and properties mentioned above as belonging to the commercial substance. Submitted 
to a gradually raised temperature, it softens and melts, and mav be made to boil with- 
' out acquiring a sensible colour ; the trau'.pareut fluid gives abundant vapours, which are 

condensible into a neatly colourless oily liquid. The portions last distilled have a 
brownish-orange colour, and a thm la\er of carbonaceous deposit remains adherent to 
the sides of the vessel. 

Analysis. A\ e liave said above that alcohol and ether can dissolve only a portion of 
gutta percha ; this is because that substance consists, in fact, of three proximate prin- 
ciples, the separation of which has required very delicate observation, although they 
are Nery dearly distinguished by several of their properties. 

hen gutta percha in thin leaves is brought into contact, in a close vessel, with 15 
to 20 vois. of cold anhjdrous alcohol, and the temperature raised slowlv bv means of 
the water-bath to the point of ebullition (17*2® F.\ and kept at this po*int* during- se- 
veral hours, the liquid, if filtered whilst boiling and left in a closed flask, will nt the 
end of from 12 to 36 hours, begin to deposit on the sides of the vessel an(hoa the sur- 
face of tlie solution white opaline granules, distant from one anotlier, but some of them 
lu groups ; their size will gradually increase for some days. These granules, carefully 
examined under the microscope, will be found to have the form of spherules truncated 
by the sides of the vessel. Their surface is either smooth, or bristling with very small 
transparent, elongated, lamellar crystals. Some superfijial fissures appear to indicate 
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that these spherules are formed of a sort of transparent yellow kernel covered with a 
white pellicle. 

Perhaps no other example is known of this singular crystalline structure. In fact, 
eold anhydrous alcohol dissolves the whole of the yellow spheroidal sultstance, whilst 
the superficial pellicle, in the interior of which the alcohol has substituted itself for 
the solid globule, appears whiter and less transparent. 

The alcoholic solution, which has been for some days depositing this complex sphe- 
roidal crystallisation, can again take up by heat a portion of the two proximate prin- 
ciples remaining in the substance, allowing a fresh quantity to crystallise on cooling. 
The extraction is completed by returning the boiling alcohol several times upon the 
gutta pcrcha until it no longer dissolves anything. 

The solid substance which has resisted the action of the solvent, possesses, with 
some modifications, the principal properties of crude gutta percha ; we shall here 
call it pure gutta. As to the two other organic principles, one is a yellow resin, which 
is much more soluble in cold alcohol than the other, the white crystalline resin. 

By taking advantage of these different degrees of solubility, we are enabled with 
time and patience to effect the complete purification of these three principles. The 
separation may also be effected by treating finely-divided gutta pcrcha with cold ether, 
which dissolves the mixture of the two resins more abundantly than alcohol ; they are 
afterwards separated from one another by the same treatment already described for 
alcohol. 

The tendency of the white resin to form itself into radiated groups is mani- 
fested in a rather remarkable circumstance, which it is easy to reproduce. Naisrow 
ribbons cut from a thin leaf of ordinary gutta percha are to be placed in a tube, and 
immersed in anhydrous alcohol. The tube is then closed, and left for twenty or thirty- 
days, when a few whitish points appear here and there on the ribbons, and afterwards 
on the sides of the tube. These points, which become gradually larger, are formed of 
crystalline tufts of the white resin. Thus this proximate principle is separated directly, 
and in the cold, even when the atmospheric temperature is gradually rising, for in- 
stance during the spring or early summer. 

The ctystalline white resin, when completely purified by washings with alcohol, and 
then redissolved in anhydrous alcohol, is deposited by slow spontaneous evaporation in 
the air, in radiated crystals, forming sometimes symmetrical tufts aiTangcd in stars, 
and then presenting the appearance of a sort of efflorescence. 

Distinctive characters and properties of the three proximate principles which con- 
stitute common Gutta Percha. — The most abundant of these three principles, forming 
at least from 7 5 to 82 per cent of the whole mass, is the pure gutta, which presents 
the principal properties of the commercial substance t it is white, transparent at a 
temperature of 212’ F., when all its parts are melted together; opaque or semi- 
transparent when cold, from its then acquiring a structure which causes the inter- 
position of air, or of a liquid possessing a different refraction from its own. This 
structure appears still more distinct than in the natural substance containing all three 
principles. 

In thin sheets, and at a temperature of 50’ to 68’ F.. it is supple, tough, extensible 
hut not very elastic. At 112’ F., it softens and turns back upon itself, and becomes 
more and more adhesive and translucent in proportion to the elevation of temperature, 
undergoing a sort of doughy fus-on, which becomes more distinct towards 212° to 210°. 
Heated beyond this point, it melts, boils, and distils, furnishing a pyrogenous oil and 
carburetted gases. 

Soubeiran believes the composition of perfectly pure gutta percha to he cor- 

responding to 87-8 carbon, and 12-2 hydrogen. Faraday found caoutchouc to be 
87-2 carbon, 12-8 hydrogen ; hence their chemical composition is identical. 

Pure gutta, like the other two proximate principles, is quickly rendered electrical 
by friction, and is a bad conductor of heat; it generally floats on water, but sinks to the 
bottom as soon as its pores are filled with this liquid. It is insoluble in alcohol and 
ether, almost completely insoluble in benzine at 32° F.; it is soluble at 77°, and be- 
comes more and more so in proportion as the temperature is rai.sed. The saturated so- 
lution at 86° forms itself into a semi-transparent mass when cooled below 32° ; alcohol 
precipitates the pure gutta from its solution in benzine. 

At 32°, spirits of turpentine dissolves very little gutta, whilst it disintegrates and 
dissolves it readily when hot. 

Chloroform and sulphide of carbon dissolve the gutta percha in the cold. 

After the extraction hy means of ether of the two resins interposed in the thin 
leaves of white gutta perch^ leaving the last portion of ether with which they were 
impregnated to evaporate in the open air, these leaves, enclosed in a flask, expe- 
rienced, after remaining there for two months at a temperature of from 68° to 82° F., 
an alteration which appeared to depend on their porosity, the action of the air, and 
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perhaps the ether retained in their pores. However it he, these leaves had then 
acquired new properties : they were brittle; exhaled a very (.iistmct sharp odour; 
brought into contact with an excess of anhydrous ether, they were partially dissolved; 
the soluble portion, obtained by the evaporation of the ether and desiccation at , 

was glutinous and translucent ; it became opaque and hard by cooling down to 14*^ F. 

Sulphide of carbon, renewed three times in six days, and evaporated each time after 
two days’ contact, left as residue a white flexible leaf. The portion not dissolved, 
swelled and transparent, did not appear to undergo any change when left in sulphide 
of carbon for ten days. 

This kind of spontaneous transformation would perhaps become complete if more 
prolonged ; its study will require much time ; it will perhaps put us in the way of as- 
certaining the causes of certain changes observed in some small objects formed of giitta 
percha. It has already been ascertained, that thin leaves, exposed for eight con- 
secutive days to the action of the sun iu moist air, were discoloured, and that their sub- 
stance had become in great part soluble in ether. 

Monohydrated sulphuric acid disintegrates, and communicates a brown colour to the 
pure gutta, with evolution of sulphurous acid; after eight days’ contact, the deep brown 
liquid, on dilution with water, becomes turbid, and famishes a brown flocculent preci- 
pitate. Nitric acid, with a single equivalent of water, attacks the pure ^tta with a 
lively effervescence, and the evolution of orange vapours of hyponitrous acid. Muriatic 
acid, in its saturated solution, slowly attacks the thin leaves of gutta, giving them a deep 
brown colour ; at the end of eight days it becomes friable. The reaction of muriatic 
acid establishes an additional distinctive character between this proximate principle and 
the two others. 

M. Payen has carefully examined the chemical and physical peculiarities of the 
three principles which he has discovered in gutta percha. These have, however, no 
interest for the manufacturer, and we refer the chemical student to M. Payen’s Memoir. 

The juice of Muddar has been proposed as a substitute for gut*a percha, hut we 
are not aware that it has in any manufacture taken its ])h\ce. I>r. Falconer describes 
a new kind of gutta percha, which grows in the most southern British possession of 
the Merguin Islands, Indian Ocean. 

If a solution of gutta percha in chloroform he mixed with 3 parts of ether, and ex- 
posed for some time to a temperature below 15*^, the gutta percha is precipitated as a 
white powder, forming when washed and dried a soft white mass. On spreading this 
solution on a plate of glass, a skin is formed, resembling kid-glo\e leather, which be- 
comes transparent on the application of heat. These films are beautifully white, if 
carefully prepared, and they have been employed in the manufacture of the finest 
kinds of artificial flowers. 

In 1848, Dr. Faraday drew the attention of experimentalists to the highly insulating 
power of gutta percha, w hich not only possesses this property under ordinary cir- 
cumstances, hut likewise retains it under atmospheric conditions which would make 
the surface of glass a good conductor. This has led to its almost universal adoption 
as the insulator for the wires of the electrical telegraph. "When buried in the earth, 
unless it is attacked by insects, or by a fungus, it retains its high insulatory power, 
and we have every reason for believing that gutta percha does not undergo a change 
when immersed in sea water. It has, however, been found, that when it has been 
exposed to the intense sunshine of India, it undergoes a remarkable change ; oxygen 
is absorbed, the gutta percha loses its coherence, and at the same time its powers of 
insulation. 

The quantity of gutta percha imported iu 1857 was — 


Computed real »alue 

- £23,254 
1,446 

- - - 66,479 

- 4,631 
T.J.P. 

GYPSyM. This natural production, which in its varieties is known as of 

limey alabaster, selenite, satin spar, gyps, and plaster of Paris, has a composition of, 
sulphuric acid, 46 51 ; lime, 32 56 ; water, 20*93. 

The anhydrite from l>erby is a mineral like gypsum, bat, as its name indicates, con- 
taining no water; its composition being, lime, 41*2; sulphuric acid, 58*8 ; this is 
also called muriacite and tripe-stone. It absorbs moisture and changes to gypsum. 
^\hen gypsum is carefully burnt it loses its water of composition, and foiro the well- 
known plaster of Paris. 

The transparent varieties of gypsum are called selenite ; its fine massive varieties 
arc alabaster, and its fibrous kinds satin spar. There is another variety in small 
scales of a pearly lustre, known as schaumkalk. See Alabasteb. 


Holland 

Phillipine Islands 
British East Indies 
Other parts - 


Cwts. 
4.228 • 
263- 
12,087- 
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HACKLE. A flax comb. See Fl\x. 

HADE. A miner’s terra, used in Derbyshire and some of the northern counties, 
signifying the inclination or deviairan from the vertical of any mineral vein or lode. 
Hadings signify that some parts of the vein incline, while others are vertical. 

HiEMATINONE. A kind of glass used by the ancients for making ornamental 
vessels, mosaics, &c. It is described by Pliny, and has been found pretty abundantly 
in the excavations of Pompeii. This glass is of a beautiful red colour. It contains 
no tin or any other colouring matter except copper. All attempts of the modems to 
imitate the antique hamatinone have hitherto failed; the nearest approach is supposed 
to be the Italian porporino, which, however, differs from it in most respects. 

HAIR {Cbeveu, Crin, Fr. ; Haar^ Germ.) is of all animal products the one least 
liable to spontaneous change. It can bedissolved in water only at a temperature some- 
what above 230'^ F., in a Papin’^digester, but it appears to be partially decomposed by 
this heat, since some sulphuretted hydrogen is disengaged. By dry distillation, hair 
gives off sulphuretted gases, while the residuum contains sulphate of lime, coiuimm 
salt, much silica, with some oxide of iron and inanganc.se. It is a remarkable 
fact that fair hair affords magnesia, instead of these latter two oxides. Horse-hair 
yields about 12 per cent, of phosphate of lime. 

We have no recent analysis of hair. Vauqiiclin found nine different substances in 
black hair; in red hair, a red oil instead of a greenish-black one. 

Hairs are tubular, their cavities being filled with a fat oil, having the same colour 
with themselves. Hair plunged in chlorine gas, is immediately decomposed and con- 
verted into a viscid mass ; but w hen immersed in weak aqueous chlorine, it undergoes 
no change, except a little bleaching. 

Living hairs are rendered black by applying to them for a short time a paste made 
by mixing litharge, slaked lime, and bicarbonate of potash, in various proportions, 
according to the shade of colour de.sired. The ordinary mode of dyeing human hair, 
is first to saturate the hair with the sulphide of pota.ssium m solution ; then, \\ hen this 
has been well absorbed and is partially dry, a solution of nitrate of siher is to be ap- 
plied. By varying the proportions of the sulphide, and the strength of the silver 
sti’ution, almost any tone of colour, from a brown to a black, can be produced. 

The salts of silver, mercury, lead, bismuth, as well as their oxides, blacken hair, 
or make it of a dark violet, by the formation, most probably, of metallic sulphurets 
(sulphides). 

Hair as an object of manufactures is of two kinds, the curb/ and the straight. The 
former, which is short, is .«!pun into a cord, and boiled in this state, to give it the 
tortuous springy form. The hairs of rabbits and hares are prepared for the hat- 
maker by a process called secretage. so as to render them fit for felting. The skins 
with the hair still upon them are laid upon a table, and with a brush, made from the 
bristle of the wild boar, a solution of nitrate of mercury is applied many times in 
succession, till every part of the fur be equally touched, and till about two-thirds of 
the length of the hairs be moistened. The skins are then placed together to com- 
plete the impregnation, and put into a store-room. In drying there is a retraction of 
the hairs, and the required curling is produced. The long straight hair is woven into 
cloth for sieves, and also for ornamental purposes, as in the damask-hair cloth of chair 
bottoms. For this purpose the hair may be dyed in the following way: — 

Forty pounds of tail hair, about 26 inches long, are steeped in lime water during 
twelve hours. Then a bath is made with a decoction of 20 pounds of logwood, kept 
boiling for three hours, after which time the fire is withdrawn from the boiler, and 
ten ounces of copperas are introduced, stirred about, and the hair is immersed, hav- 
ing been washed from the lime in river water. The hair should remain in this cool- 
ing bath for 24 hours when the operation will be finished. Hair used few weaving 
is obtained principally from South America and from Russia. All the olack and 
grey hair is dyed for the manufacture of black hair-cloth for covering furniture. 
White only can be dyed so as to produce what are called fancy colours, and great care 
is required in the process, which however, when well managed, produces good per- 
manent colours. 

The qnif-ity of hair-cloth, as well as the brilliancy and permanency of the colours, 
depend in a great degree on the nature of the warp, which may be either of cotton, 
linen, or worsted. Coloured hair-cloth, which is made at Worcester, Sheffield, and 
Paris, has been much used for fitting up the principal cabins of steam vessels, for 
covering sofas and chairs, and for railway carriages. 
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The looms for -weaving hair differ from the common ones, only in the templet and 
the shuttle. Two templets of iron must be used to keep the stuff equably but lightly 
stretched. These templets, of which one is represented in^^^. 936, are constructed in 


■c^ 


936 




9 ' 


the shape of flat pincers ; the jaws, c c, 
being furnished with teeth inside. A screw, 

D, binds the jaws together, and hinders the 
selvage from going inwards. Upon the side 
cross-l>eam of the loom, seen in section at i, 
a bolt is fixed which carries a nut F at its 
end, into which a screwed iron rod e enters, 
on one of whose ends is the handle b. The 
other extremity of the screw e is ada]»ted 
by a washer and pin to the back of the 
pincers at the point h, so that by turning the handle to the right or the left, we draw 
onwards or push backwards llie pincers and the stuff at pleasure. The warp of the 
web is made of black linen yarn. The weft is of hair, and it is thrown with a long 
hooked shuttle, nr a loni; rod, having a catch hook at its end. The length of this 
shuttle is about 3 feet ; its breadth half an inch, aift its thickness one sixth. It is 
made of box- wood. The reed is of polished steel; the thread warps are conducted 
through it in the usual way. The workman passes this shuttle between the hairs of 
the warp with one hand, when the shed or shuttle way is opened by the treddles ; a 
cluld placed on one side of the loom presents a hair to the weaver near the selvage, 
who catches it with the hook of his shuttle, and by drawing it out passes it through 
the warp. The hairs are placed in a bundle on the side where the child stands, in a 
chest filled with water to keep them moist, for otherwise they would not have the 
suppleness requisite to form a web. Each time that a hair is thrown across, the 
batten is driven home twice. ^ Tlie warp is dressed with paste in the usual wav. Tlie 
hair-cloth, after it is woven, is hot calendered to give it lustre. In the Great Exhi- 
bition of 1851, J. Bardotfsky (lUi-'Ma) exhibited a collection of bowls, dishes, plates 
kQ , formed of the hair of the r.ibbit, hare, and other animals, ^^hich were felted and 
afterwards varmshod. 'I'liey liad the appearance of papier niache. and were very light. 

In 1837 3ve imporU.l - Cwt. roal Jluc! 

Of cow, ox, bull, or clli hair - . .3,01:5 ... £-<7403 

Goat’s hair 3,255,010 - . . 

Horsehair 21,389 - - . 119,773 

and of manufactures of hair or goat’s wool, not made up, and -wholly or in part made 
Up, 233,it)o/., as entered at computed real value. 

HAIH BRUSHES, or PENCILS, for artists. 

The AuiV brushes are manufactured with coarse hair, as that of the swine, the wild 
boar, the dog, &c, and these are usually attached, by binding with cord or by securing 
them with a piece of tin plate, to a wooden handle. 

The hair pencils are composed of very fine hairs, as those of the sahle, the miniver 
the marten, the badger, and the polecat. These are usually mounted in a quill hut 

sometimes they are secured as in the former case with tinned iron. ’ 

The m«t essential quality of a good pencil is to form a fine point, so that all the 
hairs without exception may be united when they are moistened by laving them iinon 
the tongue, or drawing them through the lips. When hairs present' tlie form of an 
poix? oH'y nan be used. The whole difficulty consists, 
aftei the hairs are c eansed, in arranging them together .so that all their points may lie in 
the same horizontal plane. IVe must w ash tlie tails of tiie animals whose hairs are to be 
used, by scouring tlumi in a solution of alum till tliey be quite free from grease and 
Sfnre 7*"?,'''™ ‘"^e-warm water."^ We 'next squeeze ouf the water 

afuossfbT/ Tl" ‘he root to tlie tip, in order to lay the hairs as smooth 

moffied ® direction, with a very fine- 
ly! yrapped up m fine iineu, and dried. When perfectly dry, 

the hairs are seized with pincers, cut across close to the skin, and arranged in separate 
heaps, according to their respective lengths. separate 

placed separately, one after the other, in small tin pans 

slightly unonTmffi9t7‘h*'-^* striking the bottom of the pan 

n ^ “ 1 arranged parallel to each other, and their delicate 

po nts rise more or less according to their lengths. The longer ones are to be ffieked 

enna^Uv lonf hairV” Th“^ whereby each parcel may be «mpLdof 

1 ‘ J g hairs. The perfection of the pencil depends upon this equality the 
tapering point being produced simply by the rtenuation of the tips. ’ ^ ’ 

intended sizfoTffinmcU ^ ‘Sickness corresponding to the 

t .h, pincil; It IS set m a little tin pan, with its tips undermost, and 
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is shaken hy striking the pan on the fable as before. The root end of the hairs being 
tied by the fisherman’s or seaman's knot, with a fine thread, it is taken out of the pan, 
and then hooped with stronger thread or twine ; the knots being drawn very tight by 
means of two little sticks. The distance from the tips at which these ligatures are 
placed, is of coarse relative to the nature of the hair, and the desired length of the 
pencil. The base of the pencil must be trimmed fiat with a pair of scissors. 

Nothing now remains to be done but to mount the pencils in qnill or tin-plate tubes, 
as above described. The quills are those of swans, geese, ducks, lapwings, pigeons, 
or larks, according to the size of the pencil. They are steeped during 24 hours in 
water, to swell and soften them, and to prevent the chance of their splitting when the 
hair brash is pressed into them. The brush of hair is introduced by its tii)8 into the 
large end of the cut quill, having previously drawn them to a point with the lips, wlien 
it is pushed forwards with a wire of the same diameter, till it comes out at the other 
and narrower end of the quill. 

The smaller the pencils, the finer ought the hairs to be. In this respect, the manu- 
facture requires much delicacy of tact and experience. 

HALIOTIS, the sea ear shell. A genus of molluscous animals belonging to the 
class Gasteropoda. These shelly possessing a fine nacre, are extensively used in the 
ornamentation of papier mache articles, and mother-of-pearl ornaments. 

HALOGENE, is aterm employed by Berzelius todcsigniite those substances which 
form compounds of a saline nature by their union with metals ; such are chlorine, 
iodine, bromine, fluorine, and cyanogen ; the salts thus formed being called haUud 
sallSf from their resemblance to common salt (NaCl), (oAs, sea salt, and efSos, form). 
Since the discovery of the compound halogeiie, Cvanogen, some chemists have 
been led to view all salts as under the type of haloid salts ; assuming in the dilferent 
acids certain compound halogens, as in sulphuric acid the halogene (S(V) ; in nitric 
acid the halogene (NO®) &c. ; which in combination with hjdrogen form the acids; 
the diff*erent salts being formed by the displacement of the hydrogen by the metal, 
as follows : sulphuric acid (HSO‘)» sulphate of potash (KSO^), nitric acid (UNO'), 
nitrate of soda (NaNO*), &c.— H. K. B. 

HANDSPIKE. A strong wooden bar, used as a lever to move the windlass and 
capstan in heaving the anchor, or raising any heavy weights aboard ship. 
handle is round, smooth, and somewhat taper. The other end is squared to fit the 
holes in the head of the capstan or the barrel of the windlass. 

HARDENING. The processes by which metals are rendered harder than they 
are when they first leave the hands of the workman. 

Some metals are hardened by hammering or rolling ; hat care is required not to 
carry this too far, as brittleness may be induced. Sadden cooling is had recourse to 
with some metals. Pure hammered iron appears after annealing to be equally soft, 
whether suddenly or slowly cooled ; some of the impure kinds of malleable iron harden 
by immersion. Steel, however, receives by sudden cooling that extreme degree of 
hardness combined with tenacity, which places it so incalculably beyond every other 
material for the manufacture of cutting tools. 

In hardening and tempering steel there are three things to be considered, namely, 
the means of heating the objects to redness, the means of cooling the same, and the 
means of applying the heat for tempering, or “ letting them down. ” It is not possible 
in this work to enter into the manipulatory details of hardening steel for various pur- 
poses ; the most valuable information on this subject is given in Holtzapffel’s work on 
Turning and Mechanical Manipulation. 

Steel pens are hardened by being heated in large quantities in iron trays within a 
furnace, and then plunged in an oily mixture ; generally, they are likewise tempered 
in oil, or a composition, the boiling point of which is the same as the temperature suited 
to “ letting them down.” 

Saw.s and springs are hardened iu various compositions of oil, suet, wax, and other 
ingredients, “ which however lose their hardening property after a few weeks' constant 
use.” Steel plates are hardened occasionally by allowing water to fall on them when 
hot. See Transfer Engraving. 

Case hardening is the process by which wrought iron is first converted exteriorly 
into steel, and is subsequently hardened to that particular depth, leaving the central 
parts in their original condition of soft and fibrous iron. The principal agents used 
for case hardening are animal matters, as the hoofs, horns, hones, and skins of animals. 
The prussiate of potash, which is a compound of carbon and nitrogen, is also employed 
for case hM-dening, In principle it is the same as the animal substances. The iron 
is heated in the open fire to a dull red, and the prussiate is either sprinkled upon it or 
rubbed on in the lump ; it is returned to the fire for a few minutes, and immersed in 
water. In the volume of l^ardner’s “ Cyclopmdia,” on Iron and Steel, edited by Robert 
Hunt, the subjects of hardening and tempering are treated in a practical manner. 
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HARDNESS. (Durcie, Fr.; Hiirte, EesiijAeiV, Germ.) A hard body ■will sera 
one that is softer than itself. This method of determining the hardness of minerals is 
employed by mineralogists. A good steel file is also used for trying the respective 
hardness of minerals. 

Mohs introduced a scale of hardness, which shows the gradual increase la hardness 
through 10 minerals. 

1. Talc ; common laminated light green variety. 

2. Gypsitm ; crystallised variety, 

3. Calcite ; transparent variety. 

4. Fluorspar; crystalline variety. 

5. Apatite; transparent variety. 

6. Feldspar (orthoclase) } white cleavable variety. 

7. Quartz; transparent. 

8. Topaz ; ditto. 

9. Sapphire; cleavable varieties. 

10. Diamond. 

The following table, compiled by Dr. Ure for the early editions of his dictionary, 
will still be found very useful as representing, relati^ly, the hardness of the mineral 
named, although the numbers which express the degree of hardness do not agree with 
tlxe scale of Mohs, 


Substances. 

Hardness 

Sp. Gray 

Substances. 

Hardness. 

Sp. Grav 

Diamond from Ormus 

20 

3*7 

Sardonyx- 


12 

2*6 

Pink diamond - 

19 

3-4 

Occidental amethyst 


11 

2-7 

Bluish diamond 

19 

33 

Crystal 


n 

2-6 

Yellowish diamond - 

19 

3-3 

Cornelian 


11 

27 

Cubic diamond - 

IS 

3*2 

Green jasper 


11 

2-7 

Ruby 

17 

4*2 

RoildisU yellow do 


9 

2-6 

Pale ruby from Brazil 

i« 


Schorl 


10 

3f. 

Deep blue sapphire - 

K) 


T<mrmaline 


10 

3 0 

Ditto, paler 

17 

3-8 

Quartz 


10 

2-7 


15 

42 

Opal 


10 

2 6 

Whitish topaz - 

14 

35 

Chrysolite 


10 

3-7 

Ruby spinel 

13 

34 

Zeolite • • 


8 

21 

Bohemian topaz 

11 

2-8 

Fluor 


7 

3-5 

Emerald ... 

12 

2-8 

Calcareous spar 

. 

6 

2-7 

Garnet ... 

12 

4-4 

Gypsum 


5 

2*3 

Agate ... 

12 

2-6 

Chalk 


3 

2*7 

Onyx ... 

12 

2-6 






HARDWARE. Under this term is comprehended the articles manufactured of 
any of the baser metals. See these respectively. 

HAKE WOOD, See Sycamore, 

HARTSHORN, SPIRIT OF, is the old name for the solution of ammonia in 
water, the liquor ammonia of the London Pharmacopoeia. 

HASSOC^ A term given to a kind of sandstone produced in the quarries of 
Kentish Ragstone in Kent. When of good quality it is employed in building the inte- 
rior -walls of churches. The following is an analysis of Hassock by Dr Plombv of 

Carbonate of lime - -- -.•.53 
Alumina - -- -- -••.4 
Oxide of iron - .g 

Silica 32 

Small quantities of phosphate of lime, soda, magnesia, 

^ chlorine and sulphuric acid - . » » - 3 

100 

^^^^EFACTURE. (Z’art de Chapelier, Fr. ; Huimacherhunsfj Germ.) 
Hat IS the name of a covering for the head worn by both scses, but principally by men. 

As the art of making hats does not involve the description of any curious machinery, 
or any interesting processes, we shall not enter into very minute detail^ upon the 
subject. It will be sufficient to convey to the reader a general idea of the methods 
employed in this manufacture. 

The materials used in making stuff hats arc the furs of hares and rabbits freed from 
the long hair, together with wool and beaver. The beaver is reserved for the finer 
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hats. The fur IS first laid upon a hurdle made of -wood or wire, with longitudinal 
openings; and the operator, by means of an instrument called the how, (which is a 
piece ctf elastic ash, six or seven feet long, with a catgut stretched helwet-n its two 
extremities, and made to vibrate by a bowstick,) causes the vibrating string to strike 
and play upon the fur, so as to scatter the fibres in all directions, while the dust aud 
filth descend through the grids of the hurdle. 

After the fur is thus driven by the bow from one end of the hurdle to the other, it 
forms a mass called a bat^ which is only half the quantity sufficient for a hat. The 
bat ov'eapade thus formed is rendered compact by presNing it down with the hardening 
skin (a piece of half-tanned leather), and the union of the fibres is increased by cover- 
ing them with a cloth, while the workman presses them together repeatedly with his 
hands. The cloth being taken off, a piece of paper, with its corners doubled in. so as 
to give it a triangular outline, is laid above the bat. The opposite edges of tlie bat 
are then folded over the paper, and being brought together and pressed again with the 
hands, they form a conical cap. This cap is next laid upon another bat, read) har- 
dened, so that the joined edges of the first bat rest upon the new one. This nt-w bat 
is folded over the other, and its edges joined by pressure as before; so that the join- 
ing of the first conical cap is o^osite to that of the second. This compound bat is 
now wrought with the hands for a considerable time upon the hurdle between folds of 
linen cloth, being occasionally sprinkled with clear water, till the hat is baoned, or 
rendered tolerably firm. 

The cap is now taken to a wooden receiver, like a very fiat mill-hoppcT, consisting 
of eight w’ooden plains, sloping gently to the centre, which contains a kettle tilled with 

water acidulated with sulphuric arid. The 
technical name of this vessel is tlie batterv. It 
consists of a kettle a. Jhj. 932 ; and of the 
planks, B, c, which are sloping planes, usually 
eight IQ number, one being allotted to (Mch 
workman. The half of each plank next tlie 
kettle is made of lead, the upper half of ma- 
hogany. In this liquor tho hat is occasionally 
dipped, and wrought by tin; liands, or some- 
times with a roller, upon tlie sloping planks. 
It is thus fulled or thickened during four or 
five hours ; the knots or hard substances are 
picked out by the workman, and fresh felt is 
added by means of a wet hn;sh to those parts 
that require it. The beaver is applied at the 
end of this operation. In the manufacture of 
beaver hats, the grounds of beer are added to 
the liquor in the kettle. 

SUgghng, or thickoriing the thin spots, seen by looking through the body, is per- 
formed b) daubing on additional stuff with successive applications of the hot acidulous 
liquor from a brush dipped into the kettle, until the body be sufficiently shrunk and 
made uniform. After dr 3 ’ing. it is stiffened witli varnisli composition rubbed in with 
a brush; the inside surface being more copiously imbued with it than the outer; while 
the brim is peculiarly ciiarged with the stiffening. 

hen once more dried, the body is read 3 ’ to be cohered, which is done at the battery. 
The first cover of beaver or napping, wliich has been previously bowed, is strewed 
equably over the body, and patted on with a brush moistened with tlie hot liquor, 
until it gets incorporated ; the cut ends tow ards the rout, being the points which spon- 
taneously intrude. The body is now put into a coarse hair cloth, then dipped and 
rolled m the hot liquor, until the root ends of the beaver are thoroughly worked in. 
This is technically called rolling off, or roughing. A strip for the brim, round the 
edge of the in'-ide, is treated in the same way; whereb 3 ’ everything is ready fur the 
second cover (of heaver), which is incorporated in like mannen the rolling, &c. being 
continued, till a uniform, close, and well-felted hood is formed. 

The hat is now ready to receive its proper shape. For this purpose the workman 
tarns up the etlge or brim to the depth of about inch, and then returns the point of 
the cone back again through the axis of the cap, so as to produce another inner fold 
of the same depth. A third fold i-. produced by returning the point of the cone, and 
so on till the point resen. hies a fiat circular piece liaving a numberof concentric fidds. 
In this state it is laid upon the plank, and wetted with the liquor. The workman pulls 
out the point with liis fingers, and piv.s^es it down w ith his hand, turning it at the 
srme time round on its centre upon the plank, till a flat portion, equal to the crown 
of tlie hat, is rub ed oat. Tiin fiat crown is luiw placed upon a block, and, by press- 
ing a string eai'jd a conmand- r, down tli ■ '■id-'S of t!ie block, he forces the parts adja- 
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cent to the crown, to assume a cylindrical figure. The brim now appears like a 
puckered appendage round the cjlindrical cone; but the proper figure is next given 
to it, by working and rubbing it. The body is rendered waterproof and sliif by being 
imbued with a varnish composed of shellac, sandarach, mastic, and other resins dis- 
solved in alcohol or naphtha. 

The hat being dried, its nap is raised or loosened with a wire brush or card, and 
sometimes it is previously pounced or rubbed with pumice, to take utf the coarser 
parts and afterwards rubbed over with seal skin. The hat is now tied vhh pack- 
thread upon its block, and is afterwards dyed. 

The d) ed hats are now removed to the stiffening shop. Beer grounds are next 
applied on the inside of the crown, for the purpose of preventing the glue from coming 
through ; and when the beer grounds are dried, glue (gum Si-negal is sometimes used), 
a little thinner than that used hv carpenters, is laid with a brush on the inside of the 
crown, and the lower surface of the brim. 

The hat is then softened by exposure to steam, on the steaming basin, and is 
brushed and iroiii'd ti'l it receives the proper gloss. It is lastly cut round at the brim 
hv a knife fixed at the end of a gauge, which rests against the crown. The hrini, 
however, is not cut entirely through, hut is torn off s% as to leave an edging of beaver 
round the external rim of the hat. The crown being tied up in a gauze paper, which 
is neatly ironed dowm, is then ready for the last operations of lining and binding. 

The furs and wools of which hats are manufactured contain in their early stage of 
preparation, hemps and huirsy which must be removed in order to produce a material 
for the better description of hats. This separation is effected by a sort of w'innowiiig 
machine, which wafts away the finer and lighter parts of the furs and wools from the 
coarser. 

The annexed figures represent Mr. Ollerensliaw’s machine, generally employed for 
ironing hats, Ftg. 038 is the frame-work or standard upon which three of these 



lathes are mounted, as A, B, c. The lathe A is intended to be employed when the 
crown of the hat is to be ironed. The lathe B, when the flat top, and the upper side 
of the brim is ironed, and lathe c, when its under side is ironed ; motion being given to 
the whole by means of a band passing from any first mover (as a steam-engine, water- 
wheel, &c.) to the drum on the main shaft a a. From this drum a strap passes over 
the rigger b, which actuates the axle of the lathe a. On to this lathe a sort of chuck 
is screwed, and to the chuck the block c is made fast by screws, bolts, or pins. This 
block is represented in section, in order to show the manner in which it is made, of 
several pieces held fast by the centre wedge-piece, as seen at^^. 939. 

The hat-block being made to turn round with the chuck, at the rate of about tw-enty 
turns per minute, but m the opposite direction to the revolution of an ordinary turning 
lathe, the workman applies his hot iron to the surface of the hat, and thereby smooths 
it, giving a beautiful glossy appearance to the beaver ; he then applies a plu&h cusliicn, 
and rubs round the surface of the hat while it is still revolving. The hat, with its 
block, is now removed to the lathe u, where it is placed upon the chuck </, snd made to 
turn in a horizontal direction, at the rate of about twenty revolutions per minute, for 
the purpose of ironing the flat-top of the crown. This lathe b moves upon an upright 
shaft e, and is actuated by a twisted band passing from the main shaft round the 
rigger/ In order to iron the upper surface of the brim, the block c is removed from 
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the lathe, and taken out of the hat, when the block fig, 940 is mounted upon the chuck 
d, and made to turn under the hand of the workman, as before. 

The bat U now to be removed to the lathe c, where it is introduced in an inverted 
position, between the arms g g supporting the rim k A, the top surface of which is 
shown at fig, 941. The spindle i of the lathe turns hy similar means to the last, but 
slower ; only ten turns per minute will be sufficient. The workman now sni(X)!hs the 
nnder side of the brim, by drawing the iron across it, that is from the centre outwards. 
The hat is then carefully examined, and all the burs and coarse hairs picked out, after 
which the smoothing process is performed as before, and the dressing of the hat is 
complete. This description of the manufacture of the beaver hat has b<‘cu retained, 
though it is now but little practised, the silk hat having taken its place. 

Silk hats, for several years after they were manufactured, were liable to two objec- 
tions ; first, the body or shell over which the silk covering is laid, was, from its hard- 
ness, apt to hurt the head ; second, the edge of the crown being much exposed to blows, 
the silk nap soon got abraded, so as to lay bare the cotton foundation, which is not 
capable of taking so fine a black die as the silk; whence the hat assumed a shabby 
appearance. Messrs. Mayhew and White, of London, proposed to remedy tlicse 
defects, by making the hat bodf of stuff or wool, and relieving the stiffness of the 
inner part round the brim, by attaching a coating of beaver upon the under side of 
the brim, so as to render the liAt pliable. Round the edge of the tip or crown, a quan- 
tity of what is called stop wool is to be attached by the ordinary operation of 
bowing, which will render the edge soft and elastic. The hat is to be afterwards 
dyed of a good black colour, both outside and inside ; and being then properly 
s^ened and blocked, is ready for the covering of silk. 

The plush employed for covering silk hats, is a raised nap or pile woven usually upon 
a cotton foundation; and the cotton, being incapable of receiving the same brilliant 
black dye as the silk, renders the hat apt to turn brown whenever the silk nap is 
partially worn off. To counteract this evil, the foundation of the plush is n'»'v 
frequently made entirely of silk. To these two improvements, now pretty generally 
introduce the present excellence of the silk hats may be ascribed. 

Fig, 942 is a side view of the carding engine, employed in preparing the silk for 



hats, with a horizontal plan or view of the lower part of the carding machine, showing 
the operative parts of the winding apparatus, as connected to the carding engine. The 
doffer cylinder is covered with fillets of wire cards, such as are usually employed in 
carding engines, and these fillets arc divided into two, three, or more spaces extending 
round the periphery of the cylinder, the object of which division is to separate the 
sliver into two, three, or more breadths, which are to be conducted to and wound upon 
distinct blocks, for making so many separate hats or caps. 
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The principal cylinder of the carding engine, is made to revolve by a rigger upon 
its axle, actuated by a band from any first mover as usual, and the subordinate rollers or 
c\ Unders belonging to the carding engine, ate all turned by pulleys, and bands, and 
gear, as in the ordinary construction. 

The wool or other material is supplied to the feeding cloth, and carried through 
the engine to the doffer cylinder, as in other carding engines ; the doffer comb is 
actuated by a revolving crank in common vray, and by means of it the slivers are 
taken from tbe doffer cj Under, and thence received on to the surfaces of the blocks e e. 
These blocks, of which two only are shown to prevent confusion, are mounted upon 
axles, supported by suitable bearing, in a carriage / /, and are made to revolve by means 
of a band g < 7 , leading from a puUey 00 the axle of a conical drum beneath. The band 
g passes over a pulley affixed to the axle of one of the blocks, while another pulley 
i, upon the same axle, gives motion, by means of a band, to as many other blocks as 
are adapted to the machine. 

As it is necessary in winding the slivers on to the blocks, to cross them in different 
directions, and also to pass the sliver over the hemispherical ends of the blocks, in 
order that the ^^ool or other material may be uniformly spread over the surface in 
forming the cap or hood for the shell or foundatiot^of the intended hat, the carriage 
/, with the blocks, is made to traverse to and fro in lateral directions upon rollers at 
each end. 

This alternating motion of the carriage is caused by a horizontal lever 1 1 (seen in 
the horizontal view Jig. 942), moving upon a fulcrum pin at m, which lever is attached 
to the carriage at one extremity n, and at the other end has a weighted cord which 
draws the side of this lever against a cam wheel o. This cam is made to revolve by 
means of a band and pulley, which turns the shaft and endless screw y, and this 
endless screw, taking into a toothed wheel r, on the axle of the cam o, causes the cam 
to revolve, the periphery of which cam running against a friction roller on the side of 
the lever /, causes the lever to vibrate, and the carriage f /, attached to it, to traverse to 
and fro upon the supporting rollers, as described. By these means the slivers are 
laid in obli'iue directions (varying as the carriage traverses) over tbe surface of the 
blocks. 

The blocks being conically formed, or of other irregular figures, it is necessary, in 
order to wind the slivers with uniform tension, to vary their speed according to the 
diameter of that part of the block which is receiving the sliver. This is effected by 
giving different velocities to the pulley on the axle of the conical drum s, corresponding 
with e. There is a similar conical drum f, placed in a reverse position in the lower 
part of the frame, which is actuated by a band from any convenient part of the machine 
passing over a puliey u, upon the axle of t From the drum t, to the dmm s, there is 
a band v, which is made to slide along the drums by the guidance of two rollers at the 
end of the lever L 

It will now be seen that when the larger diameter of the cam wheel 0 forces the 
lever outwards, tbe band i; will be guided on to the smaller part of the conical drum 
and the larger part of «, consequently the drum s will at this time receive its slowest 
motion, and the band g will turn the blocks slower also ; the reverse end of the lever 
having by the same movement slidden the carriage into that position which causes the 
slivers to wind upon the larger diameter of the blocks. 

When the smaller diameter of the cam is acting against the side of the lever, the 
weighted cord draws the end of the lever to the opposite side, and the band r will be 
guided on to the larger part of the cone f, and the smaller part of the cone s ; con- 
sequently, the quicker movement of the hand g will now cause the blocks ce to revolve 
with a corresponding speed. The carriage /'will also be moved upon its rollers to 
the reverse side, and the sliver of wool or other material be now wound upon the 
smaller parts and ends of the blocks, at which time the quicker rotation of the blocks is 
required It may be here observed, that the cam w heel 0 should be differently formed 
according to the different shaped blocks employed, so as to produce the requisite move- 
ments of the lever and carriage suited thereto. 

It only^ remains to state that there are two heavy conical rollers w w, bearing upon 
tbe peripneries of the blocks e c, which turn loosely upon their axles by the friction 
of contac^ for the purpose of pressing the slivers of wool or other material on the 
blocks as it comes from the doffer cylinder of the carding engine, and when the blocks 
have been coated with a sufficient quantity of the sliver, the smaller end of the pressing 
rollers is to be raised, while the cap is withdrawn from the block. The process being 
continued as before, the formations of other bodies or caps is effected in 4 :he manner 
above described. 

After the caps or bodies of hats, &c. are formed in tbe above described machine, they 
are folded in wet cloths, and placed upon heated plates, where they are rolled under 
pressure, for the purpose of being hardened. Fig. 93d represents the front of three 
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ftirnaces a a a, the tops of which are covered with iron plates h h b, Coon tliesc plat ‘S» 
which are heated hy the furnace below, or by steam, the bodies wrapped in tlie wet 
cloths c c c, are placed, and pressed upon by the flaps or covers d d d, sliding upon 
guide rods, to which flaps a traversing motion is given, by means of chains attached to 
an alternating bar e e. This bar is moved by a rotary crank /, which has its motion 
by pulleys from any actuating power. When any one of the flaps is turned np to 
remove the bodies from beneath, the chains hang loosely, and the flap remains 
Rtationary. 

These caps or hat bodies, after having been hardened in the manner above described, 
may be felted in the usual way by hand, or they are felted in a fulling null by the 
usual process employed for milling cloths, except that the hat bodies are (*ei. asionally 
taken out of the fulling mill, and passed between rollers, for the purpose of reiideriug 
the felt more perfect. 

Mr. Carey, of Basford, obtained a patent in October, 1834, for an invention of certain 
machinery to be employed in the manufacture of hats, which is ingenious and seems 
to he worthy of notice in this place. It consists in the adaptation of a sn stt in of rollers, 
forming a machine, by means of which thc-operation of roughing or plaiting of hats, 
944 « may be performed ; that is, the 
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beaver or other fur may be 
made to attach itself, and work 
into tlie felt or hat body, with- 
out the necessity of the ordi- 
nary manual operations. 

The accompanying draw- 
ings represent the machine in 
several views, for the purpose 
of showing the construcllou of 
all its parts. Fig. 944 is a 
front elevation of the machine ; 
Jig. 945 is a side elevation of 
the same; Jig. 946 is a longi- 
tudinal section oftlieniaehim' ; 
and Jhj. 047 is a tranhveisc 
section; the similar letter^ in- 



dicating the same parts in all 
the figures. 

Upon a brick or other suit- 
able base, a furnace or fire- 
place a, is made, having a de- 
scending flue i, for the pur- 
pose of carrying away the 
smoko. A pan or shallow 
vessel c e, formed of leatl, is 
placed over the furnace , which 
vessel is intended to contain a 
sour liquor, as a solution of 
vitriolic acid and water. On 
the edge of this pan is erected 


e~;o^ 






946 a wooden casing il d d, which 

encloses three sides, leaving 

O O P on fourth open for the pnr- 

I pose of obtaining access to the 

©^'oy-O working apparatus within. A 

/• series of what may be termed 
J ' '-V '"is *J ,0*" lantern rollers, c r c, is mounted 

-O ' n I r O'* oxles turning in the side 

.y •' 'N' 1 ,“^’ ' f. casings; and another scries of 

' - , ’• similar lantern rolleTs,///, is 

■■ =— = s L in like manner mounted above. 

S'". These lantern rollers are made 

iZ_a '• I, to revolve hy means of bevel 

^ si < pinions, 6xed on the ends of 

- — ■ - J | j. J their axles, which are turned 

, I I by similar bevel wheels on the 

lateral shafts g, and A, driven by a winch, i, and gear, as shown in figs. 944 and 945. 

, riaving prepared the bodies of the hats, and laid upon their surfaces the usual coat- 
ings of beaver, or other fur, when so prepared they are to be placed between hair 
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cloths, and these hair cloths folded -within a canvas or other suitable wrapper. Three 
or more hats being thus enclosed in each wrapper, the packages are severally put into 
bag-J or pockets in an endless band of sackcloth, or other suitable material; which 
endl' ss band is extended over tbe lantern rollers in the machine. 

In the first instance, for the purpose of merely attaching the furs to the felts (which is 
called slicking, when performed by hand), Mr. Carey prefers to pass the endless band 
h k k, ■\vitli the covered hat bodies, over the upper series, fff. of the lantern rollers, in 
order to avoid the inconvenience of disturbing the fur, -Nvliich might occur from sub- 
jec ing them to immersion in the solution coutained In the pan, before the fur had 
jDecoine attached to the bodies. 

After this operation of slicking has been effected, he distends the endless band k k k, 
over the lower series of lantern rollers eee, and round a carrier roller /, as sho-n-n in 
Jiif. 946; and having withdrawn the hat bodies tor tbe purpose of examining them, 
and changing their folds, he packs them again in a similar way in flannel, or other 
suitable cloths, and introduces them into the pockets or bags of the endless bands, as 
before. 

On putting the machinery in rotatory motion in the way described, the hats will be 
carried along through the apparatus, and subjected tSthe scalding solution in the pan, 
as also to the preS'^ure, and to a tortuons action between the ribs of tbe lantern rolliTS, 
as they revolve, whicli will cause the ends of the fur to work into the felted bodies of 
the hats, and by that means permanently to attach the nap to the body ; an operation 
which w’hen performed by hand, is called rolling off. 

A varnish made by dissolving shellac, mastic, sandarac, and other resins in alcohol, 
or the naphtha of wood vinegar, is generally employed as the stiffening and w'ater- 
proof ingredient of hat bodies. A solution of caoutchouc is often applied to whale- 
bone and horse-hair hat bodies. 

The following recipe has been prescribed as a good composition for stiffening hats : 
four parts of shellac, one part of mastic, one half of a part of turpentine, dissolved in 
five parts of alcohol, by agitation and subsequent repose, without the aid of heat. This 
stiffening varnish should be a]iplied quickly to the body or foundation with a soft ob- 
long brush, in a dry and rather warm \iorksliop; the hat being previously fitted with 
its inside turned outwards upon a block. The body must be immediately afterwards 
taken off, to prevent adhesion. 

Another method of ])roceeding is, first to dissolve the gums by agitation in twice 
the due quantity of spirits, whether of wood or wine, and then, tifter complete solu- 
tion, draw off one half the spirit in a still, so as to bring the stiffening to a proper 
consistency. No sediment subsequently appears on diluting this solution, however 
much it may be done. 

Both the spirit and alkali stiffenings for hats made by the following two recipes, have 
been tried by some of the first houses in the trade, and have been much approved of : — 

Spirit Stiffening. 

7 pounds of orange shellac. 

2 pounds of gum sandarac, 

4 ounces of gum mastic 
Half a pound of amber resin, 

1 pint of solution of copal. 

1 gallon of spirit of wine or wood naphtha. 

The shellac, sandarac, mastic, resin, are dissolved in the spirit, and the solution of 
copal is added last 

Alkali Stiffening. 

7 pounds of common block shellac. 

1 pound of amber resin. 

4 ounces of gum thus. 

4 ounces of gum mastic 
6 ounces of borax. 

Half a pint of solution of copal. 

The borax is first dissolved in a little warm water (say 1 gallon); this alkaline 
liquor is now put into a copper pan (heated by steam), together with the shellac, resin, 
thus, and mastic, and allowed to boil for some time, more warm water being added 
occasionally until it is of a proper consistence. 

Hat-Dyeing . — The ordinary bath for dyeing hats employed by the London manu- 
facturers consists, for 12 dozen, of — 

144 pounds of logwood ; 

12 pounds of green sulphate of iron, or copperas ; 

1\ pounds of verdigris. 

GG 
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The copper is usually made of a semi-cylindrical shape, and should be surrounded 
•with an iron jacket or case, into which sttani may be admitted, so as to raise the tem- 
perature of the interior bath to F , but no higher, otherwise the heat is apt to 
aifect the stiffening varnish, called the gum, with which the body of the hat has been 
imbued. The logwood having been introduced and digested for some time, the 
copperas and verdigris are added in successive ipiantilies, and in the abo^e proportions, 
along with every successive two or three dozens of hats, suspended upon the dipping 
machine. Each set of hats, after being exposed to the bath with occa^ional airings 
during 40 minutes, is taken off the pegs, and laid out upon the ground to be more com- 
pletely blackened by the peroxidisement of the iron with the atmospheric oxygen. In 
3 or 4 hours the dyeing is completed, \\ hen fully dyed, the hats are well washed in 
running water. 

Mr. Buffum states that there are four principal objects accomplished by his patent 
invention for dyeing hats : — 

1. In the operation ; 

2. The production of a better colour ; 

3. The prevention of any of the damages to which hats are liable in the dyeing ; 

4. The accomplishment of the'^dyeing process in a much shorter time than by the 
usual methods, and consequently lessening the injurious effects of the dye-bath upon 
the texture of the hat. 

Fig. 948 shows one method of constructing the apparatus, a a is a semi-cylindrical 



snaped copper vessel, with flat ends, in which thedyeing process is carried on. bbbis 
a wheel with several circular rims mounted upon arms, wliich revolve upon an axlec. 
In the face of these rims a number of pegs or blocks are set at nearly equal di'-tances 
apart, upon each of which pegs or blocks it is intended to place a hat, and as the wheel 
revolves, to pass it into and out of thedyeing liquor in the vat or copper. This wheel 
may be kept revolving with a very slow motion, either by gear connecting its axle, c, 
with any moving power, or it may be turned round by hand, at intervals of ten 
minutes ; whereby the hats hung upon the pegs will be alternately immersed for the 
space of ten minutes in the dyeing liquor, and then for the same space exposed to the 
atrao'-pheric air. In this way, the process of djeing, it is supposed, may be greatly 
facilitated and improved, as the occasioual transition from the dye vat into the air, 
and from the air again into the bath, will enable the oxygen of the atmosphere to 
strike the dye more perfectly and expeditiously into the materials of which the hat 
is composed, than by a continued immersion in the bath for a much longer time. 

A variation in the mode of performing this process is suggested, and the apparatus 
fg. is proposed to be employed, a a is a square vat or vessel containing the dye- 
ing liquor ; h h is a frame or rack having a number of pegs placed in it for hanging 
the hats upon, which are about to be dyed, in a manner similar to the wheel above 
described. This frame or rack is suspended by cords from a crane, and may in that 
way be lowered down with the hats into the vat, or drawn up and exposed in the air; 
changes which may be made every 10 or 20 minutes. 

Mr. William Hodge’s patent improvements in hat dyeing, partly founded upon an 
invention of Mr. Bowler, consist, first in causing every alternate frame to which the 
buspcndei^ or blocks are to be attached, to slide in and out of grooves, for the purpose 
of more easily removing the said suspenders when required. Fig. 950, represents the 
improved dyeing frame, consisting of two circular rims, a a, which are connected to- 
gether at top and bottom, by three fixed perpendicular burs or the frame-work 6 hh. 
Tw'o other perpendicular frames, cc, similar to the former, slide in grooves, dddd. 
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fixed to the upper and loT^er rims. These grooves have anti-fraction rollers in them 
for the purpose of making the frames c c, to slide in and out more freely. The 
suspenders or substitutes for 
blocks, by these means, may be 
more easily got at by drawing 
out the frames c c, about half 
way, when the suspenders, which 
are attached to the frames with 
the hats upon them, may he 
easily reached, and either re- 
moved or altered in position j 
and when it is done on one side, 
the sliding-frame may be brought 
out on the other, and the re- 
maining quantity of “suspenders’* 
imdergo the same operation. 

The patentee remarks, that it 
is well known to all hat dyers, 
that after the hats have been in 
the dyeing liquor some time, they 
ought to he taken out and ex- 
posed to the action of the atmo- 
spheric air, when they are again 
immersed in the copper, that 
part of the hat which was upper- 
most in the first immersion, being 
placed downwards in the second. 

This is done for the purpose of obtaining an uniform and regular dye. The patentee’s 
mode of carrying this operation into efiect, is shown in the figure : e e are pivots 
for the dyeing-frame to turn upon, wh'ch is supported by the arms f, from a crane 
above. The whole apparatus may be raised up or lowered into the copper by 
means of the crane or other mechanism. When the dyeing-frame is raised out ot 
tlie copper, the whole of the suspenders or blocks are reversed, by turning the appa- 
ratus over upon the pivots e e, and thus the whole surfaces of the hats are equally 
acted upon by the dyeing material. 

It should be observed, that when the dyeing-frame is raised up out of the copper, 
it should be tilted on one side, so as to make all the liquor run out of the hats, as also 
to cause the rims of the hats to hang down, and not stick to the body of the hat, or 
leave a bad place or uneven dye upon it. The second improvement described by the 
patentee, is the construction of “ suspenders,” to be substituted instead of the ordinary 
blocks. 

These “ suspenders ” are composed of thin plates of copper, bent into the required 
form, that is, nearly resembling that of a hat block, and made in such a manner as 
to be capable of contraction and expansion to suit different sized hats, and keep them 
distended, which may be altered by the workman at pleasure, when it is required to 
place the hats upon them, or remove them therefrom. The dyeing-frame 950, 

is shown with only two of these “ suspenders,’* in order to prevent confusion. One 
of these suspenders is represented, detached at Jig. 951, which exhibits a side view; 
and Jig. 952, a front view of the same. It will be seen by reference to the figure, that 
the suspenders consist of two distinct parts, which may be enlarged or collapsed by a 
variety of means, and which means may be suggested by any competent mechanic. 
The two parts of the suspenders are proposed to be connected together by arms g g^ 
and at the junction of these arms a key is connected for turning them round when 
required. It will be seen on reference to the front view. Jig. 952, that the “sus- 
penders ** or substitutes for blocks are open at the top or crown part of the hat ; this 
is for the purpose of allowing the dyeing liquor to penetrate. 

From the*mixture of copperas and verdigris employed in the hat dye, a vast quan- 
tity of an ochreous muddy precipitate results, amounting to no less thati 25 per cent, 
of the weight of the copperas. This iron mud forms a deposit upon the hais, w hich 
not only corrodes the fine filaments of the beaver, but causes both them and the felt 
stuff to turn speedily of a rusty brown. There is no process in the whole circle of 
our manufactures so barbarous as that of dyeing stuff hats. No ray of,,chemical 
science seems hitherto to have penetrated the dark recesses of their dye shops. Some 
hatters have tried to remove this corrosive brown ochre by a bath of dilute sulphuric 
acid, and then counteract the evil effect of the acid upon the black dje by an alkaline 
bath ; but with a most unhappy effect. Hats so treated are most deceptive and 
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unprofitable; as they turn of a dirty brown hue when exposed fi)r a fovr weeks to 
sunshine and air. 

The annual value of the hats manufa^'tiired at present in the Tnited Kingdom is 
estimated at 3,000,000/. sterling. The quantity exported in 1857, was 149,046 dozens, 
valued at 292.198/. 

HAWTHORN. {Epine lilanche^Vv.^ Wm-Worw, Germ.) Cral<i'(jHS oxpcnntha, Linn. 
This shrub has a hard whitish wood, but as it is small and difficult to work it is not 
much used. 

HAYESSINE. Aborate of lime, which is found abundantly on the western coast 
of America, so called from its discoverer. It has been introduced for use in our glass 
manufacture, and is used by our potters. See Borax. 

HAZEL, (ifoischcr, Fr.; Haselstande^ Gerva^') The Conjlus avcllana, a small 
underwood, used a little in turnery and for the manufacture of toys. 

HAZEL. A north of England term for a hard grit. 

HAZEL MOULD. The name given in Hampshire to a light loamy soil. 

HEARTH (Foi/cr^ Fr. ; Ileerde^ Germ.) is the flat or hollow space in a smelting 
furnace upon which the ore and^fluxes are subjected to the influence of flame. Sec 
Copper, Iron, Metallurgy, &c. 

HEARTHSTONE. A soft stone employed for whitening door steps, &c. An 
enormous quantity of hearthstones arc brought to Loudon from the quarries at God- 
stone, 

HEAT. The Force or Principle upon which the conditions, rrlatively, of solid, 
fluid, and aeriform states depend. That which produces the seii'^atmii of warmth. 

The discussion of the liahitudes of lieat with the diflerent kinds of matter belongs 
to phYsico-chemical scii.nce, and will bo treated of in Ure's Vieiumar;/ of Chcmistrji. 
It will suffice in this place, to state succinctly those laws which have, more directly, a 
bearing on any of our manufacturing processes 

Heat and motive power are mutuaUi/ convertible^ and heat requires for its production, 
and produces 6// its disappearance, motive power m the proportion of 7 72 foot-pounds Jor 
each Fahrenheit unit of heat. — llankine. 

This unit of heat has been estabiished by Dr. Joule to be the amount of heat re- 
quired to raise the temperature of one pound of liquid water by one degn e of Fain * n- 
heit. A falling weight, or auy other mode of motion, produces a dcliuitc quantity 
of heat according to this law. 

If the total actual heat of a homogeneous and uniformly hot substance be conceived to 
be divided into any numbers of equal parts, the effect of those parts in causing work to be 
performed will be equal. — Rankine. 

Or in other words, of a given equivalent of heat, from whatever source produced, 
the work which it can effect is always an equal and constant quantity. 

Heat may be produced by friction, as we see in the development of it, powerfully, 
in the axles of railway carriages insufficiently lubricated. By the attrition of two 
pieces of wood ignition can be obtained. 

Heat is developed m the mixture of bodies of different densities, such as spirits of 
wine and water, or sulphuric acid and water, there being a diminution of volume in 
each case. 

Heat is produced by many conditions of chemical combination, in numerous cases 
so energetically as to produce intense combustion and even explosion. 

Heat is obtained by combustion for our ordinary manufacturing processes, and 
domestic uses. This is a chemical union of one body with another, as carbon with 
oxygen ; but to eflfect this, an excitant appears necessary or a continually increasing 
excitement of the energy upon which heat depends, as, the application of flame in 
one case and the phenomena of spontaneous combustion in another. 

Electricity by its disturbing power, developes heat, and this all important force is 
also rendered manifest by the processes of vitality (vital or nervous force). 

Dr. .loiile has clearly shown, that whatever may be the source of heat, a cer- 
tain fixed elevation of temperature is produced by a given amount of mechanical, 
chemical, electrical, or vital disturbance, and that the mechanical value eff the cause 
producing the heat is exactly represented by the mechanical effect obtained. 

For a full discussion of this important point, see the Memoirs of Joule, of Thomson, 
and of Rankine, in the Philosophical Transactions of London and Edinburgh. Tlie 
applications of heat will be found under the proper heads. See also Spheroidal 
State. ^ 

HEAT-REGULATOR, or TnEn^rosTAT, The name given by M. Bonnemain to 
an ingenious apparatus for regulating the temperature of his incubating stove rooms. 
See Incubation*, Artificial, for the manner of applying the Heat-Regulator. 

The construction of the regulator is founded upon the unequal dilatation of different 
metals by the same degree of heat. A rod of iron x,fig. 053, is tapped at its lower 
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end into a "brass nut enclosed in a leaded box or tube, terminated above by a brass 
collet r. This tube is plunged into the water of the boiler, alongside of the sinoke- 
pipe. Fig. 954, is a biid’s-eye view of the dial, &c. The expan^-ion of the lead 
being more than the iron for a like degree of temperature, and the rod enclosed within 
the tube being less easily warmed, whenever the heat rises to the desired pitch, the 
elongation of the tube puts the collet z in contact with the heel, a, of the bent lever 
f/; thence the slightest increase 953 

of heat lengthens the tube anew, ^ 

and the collet lifting the heel of }] 

the lever, depresses the other end ^ 


d through a much greater space, 
on account of the relative lengths 
of its legs. This movement ope- 
rates near the axis of a balance-bar 
€, sinks one end of this, and there- 
by increases the extent of the move- 
ment, which is transmitted directly 
to the iron skewer v. I’his push- 
ing down a swing register dimi- 
nishes or cuts off the access of air 
to the fire-place. The combustion 
is thereby obstnicted, and the tem- 



perature falling by degrees, the tube shrinks and disengages the heel of the lever. The 
counterpoise jr, fixed to the balance beam c, raises the other extremity of this beam by 
raising the end d of the lever as much as is necessary to make the heel bear upon the 
collet of the tube. The swing register acted upon by this means, presents a greater 
section to the passage of the air; whence the combustion is increased. To counter- 
balance the otlect of atmospheric changes, the iron stem which supports the regulator 
is terminated by adial disc, i-ound the shaft of the needle above 954 ; on turn- 

ing this needle, the stem below it turns, as well as a screw at its under end, which raises 
or lowers the leaden tube. In the first case the heel falls, and opens the swing re- 
gister, whence a higher temperature is required to shut it, by the expansion of the tube, 
"We may thus obtain a regularly higher temperature. If, on the contrary, we raise 
the tube by turning the needle m the other direction, the register presents a smaller 
opening, and shuts at a lower temperature; in this case we obtain a regularly lower 
temperature. It is therefore easy, says M. Bonnemain, to determine a priori the degree 
of temperature to be given to the water circulating in the stove pipes. In order to 
facilitate the regulation of the apparatus, he graduated the disc dial, and inscribed 
upon its top and bottom, the words Strong and Weak heat. 

Thermostat, is the name of an apparatus for regulating temperature, in va- 
porisation, distillations, heating baths or hothouses, and ventilating apartments, '^cc.; 
for which I obtained a patent in the year 1831. It operates upon the physical prin- 
ciple, that when tlTo thin metallic bare of different expansibilities are riveted or 
soldered facewise together, any change of temperature in them will cause a sensible 
movement of flexure in the compound bar, to one side or other ; which movement 


may be made to operate, by the intervention of levers, &c., in any desired degree, 
upon valves, stopcocks, stove-registers, air-ventilators, &c. ; so as to regulate the 
temperature of the media in which the said compound bars are placed. Two long 
rulers, one of steel, and one of hard hammered brass, riveted together, answer very 
well ; the object being not simply to indicate^ but to contiol or modify temperature. 
The following diagrams will illustrate a few out of the numerous applications of this 
instrument : 


Fig. 955, cf, h, is a single thermostatic bar, consisting of two or more bars or rulers 
of differently expansible solids (of which, in certain cases, wood may be one) : these 
bars or rulers are firmly riveted or soldered together, face to face. One end of the 
compound bar is fixed by bolts at a, to the interior of the containing cistern, boiler, 
or apartiq^nt, almh, whereof the temperature has to be regulated, and the other end 
of the compound bar at 5, is left free to move down towards c, by the flexure v Inch 
will take place when its temperature is raised. 

The end 6 , is connected by a link, h d, with a lever d e, which is moved by the 
flexure into the dotted position b g, causing the turning-valve, air-ventilator, or re- 
gister, o to revolve with a corresponding angular motion, whereby the lever will 
raise the equipoised slide-damper h f, which is suspended by a link froni the end e, 
of the lever e dj into the position k h. Thus a hothouse or a water-bath may have 
its temperature regulated by the contemporaneous admission of warm, and discharge 
of cold air, or water. 


GG 3 
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056 

of the points 5, c. 


Fig. 956, a 5 c is a thermostatic hoop, immersed horizontally beneath the surface of 
the water-bath of a still. The hoop is fixed at a, and the two ends b r, arc connected 
by two links b d,c d, with a straight sliding rod d ft, to which the hoop give an 

endwise motion, when its temperature is 
altered ; e, is an adjusting screw-nut on the 
rod d A, for setting the lever / g, wh.ch is 
fixed on the axis of the turning-valve or cock 
at any desired position, so that the valve 
may be opened or shut at any desired tem- 
perature, corresponding to the widening of 
the points A, c, and the consentaneous re- 
traction of the point d, towards the circum- 
ference a 6 c of the hoop, y h, is an arc 
graduated by a thermometer, after the screw- 
piece e has been adjusted. Through a hole 
at /i, the guide-rod passes; i, is the coM- 
water cistern; t f A, the pipe to admit cold 
water ; /, the overflow pipe, at which the 
excess of hot water runs off. 

Fig. 957 shows a pair of thermostatic bars, 
bolted fast together nt the ends a. 'j’he 
free ends A, c, are of uneipial length, so as 
to act by the cross links d, /, on the stop- 
cock e. The links arc jointed to the handle 
of the turning plug of the cock, on opposite 
sides of its centre; whereby that plug will 
be turned round in proportion to the widening 
A p is the pipe communicating with the stopcock. 

Suppose that for certain purposes in pharmacy, dyeing, or any other chemical art, 
a water-bath is required to be maintained steadily at a temperature of I50®F. : let the 
combined thermostatic bars, hinged together at e, 958, be placed in the bath 

between the outer and inner vessel.'* 
cr, A, c, rf, being bolted fast to the inner 
vessel aXg\ and have their sliding md A, 
connected by a link with a lever fixed 
upon the turning plug of the stopcock r, 
which introduces cold water from a 
cistern m, through a pipe m, i, n, into the 
bottom part of the bath. The length 
of the link must be so adjusted that the 
flexure of the bars, when they are at a 
temperature of 150°, will open the >aifl 
stopcock, and admif cold water to pass 
into the bottom of the bath through the 
pipe ^ w, whereby hot water will be dis- 
placed at the top of the bath through 
an open overflow-pipe at 7 . An oil 
bath may be regulated on the same 
plan ; the hot oil overflowing from 7 , 
into a refrigeratory worm, from which it maybe restored to the cistern m. When a 
water bath is heated by the distribution of a tortuous steam pipe through it, as i n 0 p, 
it will be necessary to connect the link of the thermostatic bars with the lever of the 
turning plug of the steam-cock, or of the throttle valve i, in order that the bars, by 
their flexure, may shut or open the steam passage more or less, according as the tem- 
perature of the water in the bath shall tend more or less to deviate from the pitch to 
which the apparatus has been adjusted. The watenof the condensed steam will pass 
oS from the sloping winding-pipe i n o p, through the sloping orifice p. A;«ialine acid 
or alkaline hatli has a boiling temperature proportional to its degree of concentration, 
and may therefore have its beat regulated by immersing a thermostat in it and con- 
necting the working part of the instrument with a stopcock i, which will admit water 
to dilute the bath whenever by evaporation it has become concentrated, and has acquired 
a higher boUing point. The space for the bath, between the outer and inner pans, should 
communicate by one pipe with the water cistern m, and by another pipe with a safety 
cistern r, into which the bath may be allowed to overflow during any sudden excess of 
ebullition. 

Fig. 961 is a thennostatic apparatus, composed of three pairs of bars d d d, which 
are represented in a state of flexure by heat; but they become nearly straight 
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and parallel when cold, a 6 c is a guide rod, fixed at one end by an adjusting screw 
c, in the strong frame f e, having deep guide 
grooves at the sides, f g, is the work- 
ing-rod, which moves endways when the 
bars d d d, operate by heat or cold. A 
square register-plate h g, may be affixed 
to the rod /’g, so as to be moved backwards 
and forw ards thereby, according to the 
variations of temperature ; or the rod f 
may cause the circular turning air-register, 

I, to revolve by rack and wheel work, or by 
a chain and pulley. The register-plate h g, 
or turning register is situated at the ceil- 
ing or upper part of the chamber, and serves 
to let out hot-air. A, is a pulley, over which 
a cord runs to raise or lower a hot-air 
register /, which may be situated near the 
floor of the apartment or hot -house, to admit 
hot air into the room, c is a milled bead, 
for adjusting the thermostat, by means of 
the screw at e, in order that it may regulate the temperature to any degree. 

J^i'g. 962 represents a chimney, furnished with a pyrostat, ah acting by the links 
A, d, e, c, on a damper f h g. The more expansible metal is in the present example 
supposed to be on the outside. The plane of the damper-plate will, in this case, be 
turned more directly into the passage of the draught through the chimney by increase 
of temperature. 

Fkj. 960 represents a circular turning register, such as is used for a stove, or stove- 
grate, or for ventilating apartments; it is furnished with a series of spiral thermostatic 
bar's, each bar being fixed fast at the circumference of the circle 6, c, of the fixed plate 
of the air-register ; and all the bars act in concert at the centre a of the 
turning part of tlie register ; by their ends being inserted between the 
teeth of a small pinion, or by being jointed to the central part of the 
turning plate by small pins. 

Fig. 959 represents another arrangement of my thermostatic apparatus 
applied to a circular turning register, like the preceding, for ventilating 
apartments. Two pairs of compound bars are applied so as to act in 
concert, by means of the links a c,h c, on the opposite ends of a short lever 
which 3S fixed on the central pai t of the turning plate of the air-register. 

The two pairs of compound bars a by are fastened to the circumference 
of the fixed plate of the turning register, by two sliding rods a d, b e, 
which are furnished with adjusting screws. Their motion or flexure is 
transmitted by the links a c and b to the taming plate, about its centre, 
for the purpose of shutting or opening the ventilating sectorial aper- 
tures, more or less, according to the temperature of the air which sur- 
rounds the thermostatic turning register. By adjusting the screws a d, and b c. the 
turning register is made to close all its apertures at any desired degree of tempera- 
ture ; but whenever the air is above that temperature, the flexure of the compound bars 
will open the apertures. 

HEAVE, a miner's term, expressing the dislocation of a lode. See Fault. 
HEAVY-SPAR, SULPHATE OF BARYTES, or {Spath pvsunt, Fr.; 

Schcerspathy Germ.), is an abundant mineral, which accompanies veins of lead, silver, 
mercury, &c., but is often found, also, in large masses. Its colour is usually white, 
or flesh coloured. It varies from translucent to opaque. It belongs to the trimetric 
system, but it occurs In many crystalline forms, of which the cleavage is a right 
rhomboidal prism. It is met with also of a fibrous, radiated, and granular structure. 
Its sp. gr. varies from 4*1 to 4*7^ = 2*5 to 3*5. It has a strong lustre, between 
the fatty ^nd the vitreous, sometimes pearly. It melts at 35^ Wedgw. into a white 
opaque enamel. Its constituents are 65*67 baryta, and 34*33 sulphuric acid ; but it is 
sometimes rendered impure by oxide of iron, silica, carbonate of lime and alumina, 
and commonly by sulphate of strontian. It is not acted upon by acids ; decrepitates 
before the blowpipe ; and is difficultly fusible, or only on the edges. In the inner 
flame is reduced to a sulphuret, and the globule when moistened smells slightly 
hepatic. It is decomposed by calcination in contact with charcoal at a'Vhite heat, 
into sulphuret of baryta ; from w hich all the baryta salts may be readily formed. Its 
chief employment in commerce is for adulterating white lead ; a purpose which it 

** The term Cairk has been applied to the opaque massive variety, of an earthy appearance, and dirly- 
whne colour, nijich is found m Derbyshire and Staffordshire. 
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readily serves on account of its density. Its presence here is easily detected l>y dilute 
nitric acid, which dissolves the carbonate of lead, and loaves llio heavy spar. It is 
also a useful in^rredient in some kinds of pottery, and glass. 

In 18.56 the following quantities were raised Mineral Stati'itics ): — 

Tou«. fwts. 


Alston Moor - - - 

Carl>onate 

44:i 

16 

Northumberland, Fallotrfield 

do 

- 104.> 

18 

Derbyshire - - - 

Sulphate* - 

- 8000 

0 

Lauderdale and Skipton - 

do 

- 1000 

0 

Bantry, Ireland 

do 

700 

0 

Kirkcudbright 

do 

70 

0 

Isle of Arran 

do 

550 

0 


IIECKTiE {Scran, Fr. ; Ilechel, Germ.) is an implement for dissevering the fila- 
ments of flax, and laying them in parallel stricks or tresses. See Flax. 

IlELIOGRAPHY was the name given by M. Niepce to his process for obtaining, 
through the agency of the solar rays upon plates of metal or glass covered with resins, 
the impression of external objects. The process has been employed of late years in 
preparing lithographic stones, anC steel or copper plates, for receiving photographic 
impressions, which might be subsequently printed from. The name heliography is a 
far more appropriate one than photography ; but the latter has become too permanently 
fixed in our language to leave any hope of our returning to the former. See Piioto- 

GBAPHT. 

HELIOTROPE is a variety of jasper, mixed with chlorite, green earth, and diallage ; 
occasionally marked with blood red points ; whence its vulgar name of blo<xl-^tone. 

HEMATINE is the name given by its disco\erer Chevreul to a crystalline sub- 
stance, of a pale pink colour, and brilliant lustre when viewed in a lens, which he 
extracted from logwood, the llccmatoxylon Campechianum of botanists. It is, in fact, 
the characteristic principle of this dye wood. To procure hematine, digest during 
a few hotrs ground logwood in water heated to a temperature of about 130® Falir. ; 
filter the liquor, evaporate it to dryness by a steam bath, and put the extract m 
alcohol of 0*835 fof a day. Then filter anew, and after having inspis.^ated the 
alcoholic solution by evaporation, pour into it a little water, evaporate gently again, 
and then leave it to itself in a cool place. In this w ay numerous crystals of hematine 
will be obtained, which may be purified by washing with alcohol and drying. 

When subjected to dry distillation in a retort, hematine affords all the usual jiroducts 
of vegetable bodies, along with a little ammonia ; which proves the presence of azote. 
Boiling water dissolves it abundantly, and assumes an orange-red colour, which passes 
into yellow by cooling, but becomes red again with heat. Sulphurous acid destroys 
the colour of solution of hematine. Potash and ammonia convert into a dark purple* 
red tint the pale solution of hematine ; when these alkalies are added in large quantity, 
they make the colour violet blue, then brown-red, and lastly brown-yellow. By this 
time the hematine has become decomposed, and cannot be restored to its pristine state 
by neutralising the alkalies with acids. 

The waters of baryta, strontia, and lime excrci.se an analogous power of decomposi- 
tion; but they eventually precipitate the changed colouring matter. 

A red solution of hematine subjected to a current of sulphuretted hydrogen becomes 
yellow ; but it resumes its original hue when the sulphuretted hydrogen is removed by 
a little potash. 

The protoxide of lead, the protoxide of tin, the hydrate of peroxide of iron, the 
hydrate of oxides of copper and nickel, oxide of bismuth, combine with hematine, and 
colour it blue with more or less of a violet cast. 

Hematine precipitates glue from its solution in reddish flocks. This substance has 
not hitherto been employed in its pure state ; but as it constitutes the active principle 
of logwood, it enters as an ingredient into all the colours made with that dye stuff. 

These colours are principally violet and black. Chevruel has proposed hematine 
as an excellent test of acidity. 

HEMATITE {Fer OliyiAte, Tr. ^"JRotheisenstein^ Germ.) is a native reddish-brown 
peroxide of iron. This term was applied to this ore of iron by the ancients, on 
account of the red colour of its powder, from aepa blood. 

This species includes specular iron and the old red iron ore (see Iron, Specular ; 
Micaceous). The varieties of a sub-metallic or non-metallic lustre were included 
under the names of red hematite, fibrous red iron, or of soft and earthy red ochre, and 
when consisting of slightly coherent scales, scaly red iron or red iron froth ” {Dana). 
Dana also includes, most injudiciously as it appears, reddle or red chalk, oMdjaspery clay 
iron ore, with some others, among the hematites. 

* This is manufactured at Liverpool, Wjgan, and Welshpool. 



457 



The hematite proper occurs in a remarkable manner at 'Whitehaven and at Ulver- 
stone. The following analysis of the Whitehaven ore of Cleator Moor by Mr. A. 
Dick, shows its peculiar character ; — 

Peroxide of iron ------- 95*16 

Protoxide of manganese ------ o*24 

Lime - -- -- -- -- 0'07 


Phosphoric acid ------- trace 

Sulphuric acid ------- trace 

Bisulphide of iron ------- trace 

Insoluble residue ------- 5-68 


101*15 

Iron, total amount ------- 66*60 

The following analysis of the TJlverstone ore is by the same chemist : — 

Gillhrow Ore. 

Peroxide of iron ------- 86*50 

Protoxide of manganese •* - - - - - 0*21 

Lime 2*77 

Magnesia - -- -- -- - 1-46 

Carbonic acid 2*96 

Phosphoric acid - - - - - - - trace 

Sulphuric acid - - • - - - -0*11 

Insoluble residue - - - - - - - 6*55 

To^‘56 


Iron, total amount ------- 60*55 

Another ore, that of Llndale Moor, near Ulverstone, was analysed by ISIr. J, 
SpiUer. 

Peroxide of iron - - - - - • - 94*23 

Protoxide of manganese- ----- o*23 

AUunina - -- -- -- - 0*51 

Lune - -- -- -- -- 0*05 

Magnesia - -- -- -- - trace 

Phosphoric acid ----- • minute trace 

Sulphuric acid - • - - - - *0 09 

Bisulphide of iron 0*03 

Water, hygroscopic ------ 0'39 

„ combined - - • - • - , 0*17 

Insoluble residue ^ 5*18 


100*88 

Iron, total amount - - - - - - - 65*98 

In 1857 Whitehaven district produced of hematite, 323,813 tons; and in 1858, 
348,638 tons; and the Lancashire or Ulverstone district, 592,390 tons in 1857, and 
438,546 in 1858. 

A small quantity* of the Ulverstone ore is smelted with charcoal at some furnaces 
in the district, and the following quantities of this ore were used at the furnaces near 
Whitehaven ; — 

Cleator Moor furnaces ------ 47,311 

Harrington „ 3,000 

Leaton „ 6,200 

56,511 

All the remainder was sent into the other great iron-making districts for mixing with 
the argillaceous carbonates, and other ores of iron. See Iron. 

HEMATOSIN. The red colouring matter of blood, which is sold in a dry state 
for making Prussian blue * 

HEMLOCK SPRUCE. The Abies Canadensis^ the wood of which has been used 
for railway sleepers, and is employed for laths. 

HEMP. ( Chanvre^ Fr. ; Hanf, Germ.) A plant {Cannabis sativa\ a native of India, 
but has been long introduced into Europe, and cultivated extensively in Italy, and 
in Russia and Poland ; a small quantity has been cultivated in Suffolk, in Lincoln- 
shire, and in Ireland. ^ 

Hemp is a^^sorted, into clean hemp^ onf-shot hemp, half chan Ifkmp. and hemp codilla. 
According to M‘CuIioch, a bundle of clean hemp from Russia weighs 55 to 65 poods; 
of out shot, from 48 to 55 poods ; of half clean, 40 to 45 poods ; the pood being equal 
to 36 lbs. avoirdupoisc 
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Manilla Hemp is the produce of the wild banana, Mw^a “It is known,*’ 

says Mr. Cranford in bis Iiistorv of the Eastern Archipt.Ia<?o, “ to our traiU rs and 
navigators under the name of Manilla rope, and is equally applicable to cables and 
to standing or running rigging." 

StiNX and Jute are two varieties of hemp. Hemp is used in the manufacture of 
huckahack for towels and common tablecloths, and of the low priced ch^lh worn by 
agricultural labourers. The largest consuniptioii of tl)is uiatcrial is in the manu- 
facture of sail cloth and cordage. 

Our imports of hemp were as follows in 1 Sj7 : — 



liemp dressed. 

Hemp undrt'ssed. 

Codilla of heniji. 

Jute 


Cwu. 

C*ts. 

C«t». 

Cwl5. 

Russia 

29,747 

545,266 

5,664 


Pru.'.sia 

- 

10,546 


Austrian Italy 

4,043 

22,005 

2,771 


Philippine Islands 

- ^ - 



British East Indies 

1,874 

4.5,.32G 

. 

53 6,4 ns 

United States 

- 

42,254 

- 

811.2 1 5 

Hanse Towns 

- 

- 

2,045 


Holland 

- 

- 

2,fd)2 


Spain - - 

- 

. 

I,(Wl 


Other parts - 

1,024 

18.6SO 

701 

2, 1 SO 


37,288 

730,233 

14,075 

6IK.6.'5.'! 


HEMP SEED. (C^eneris, Fr. ; Hanfsaat Germ.) The seed of the hemp ; it is 
used for crushing, for its oil, or as food for birds. 

In 1857 we imported ^,127 quarters of hemp seed, the computed real valne of which 
was I0,636f. 

HENBANE. The Hposciamtis niger. Henbane is a plant used in medicine, from 
which modern chemistry has extracted a new cr)stalline vegetable principle called 
hyosciaminet which is very poisonous, and when applied in solution to the eye, deter- 
mines a remarkable dilatation of the pupil ; as belladonna also does. 

HENNA. The herb used for dyeing the nails in the East See Alkenn.v. 

HEPAR, which signifies liver in Latin, was a name given hy the older chemists 
to some of the compounds of sulphur. 

HEPATIC AIR. Sulphuretted hydrogen gas. 

HERMETrCAL SEAL, is an expre.ssi*m derived from Hermes, who was said to 
be the parent of Egyptian cljemistry. It is n<<ed to (Je.$ignate the perfect closure of a 
hollow vessel, by the cementing or melting of the lips oi* its orifice ; as in the case of a 
glass thermometer, or matrass. 

HERNANDIA OVIGERA. Hernant seeds, some of which are imported from 
India for tanning. 

HESSONITE, OT Es'sonite. The name given by Hauy to cinnamon stone. 

HICKORY. The Juglans alba-, white walnut, a native of America. It is used for 
making handspikes, and other elastic tools. 

I’he bark has been recommended by Dr. Bancroft as a yellow dye, 

HIDE, (Pca«, Fr. ; Haut, Germ.) Thestrongskin of an ox, horse, or other large 
animal. The lists of imports below will show to what an extent a trade in the skins of 
animals is carried on with this country. We receive hides largely from Russia and 
tlie north of Europe. From America there are also large quantities brought to this 
country. 

The following table shows the number of salted and dry hides which were exported 
from Bahia in the five years ending September, W55. 






Number of hides. 

Puce salted. 

Price dry. 






p^r hide. 

per hide. 

1 850— 51 

. 


- 

90,040 

syi. 

4d. 

1951— 72 



- 

93,484 

a>i. 

3ifi. 

1 852— 53 



- 

108,763 

3W. 

dd. 

4!rf. 

Sid. 

195.'}— 5 1 

• 


- 

128,675 

IS 54— 55 

- 


* 

1.34,2.31 

5d. 

Gd. 
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From the Dominican Kepublic (Puerto Plata) the number of hides exported was 
in 1854, 15,514; and in 18.>.>, 10,836; they went chiefly to the United States. 

From Equator (Guayaquil), during 1855, there were exported principally for the 
Lima market, 26 , 246 , \ allied at 10,482/. 16s. Sd. 

From Guatemala, 20,991 hides were exported in 1855. 

From Salvador, 24.255, valued at 27,347 dollars, in 1855. 

JlIPPOC ASTANUM- The common horse-chestnut. 

HIPPOPOTAMUS TEETH. See Ivory. 

HOG’S LARD, or Axungi i the latter name derived from the use to which it was 
put by the ancients, i. e. to grease the axle of a wheel. It is obtained from all the 
hog tribe (Sus scrqfa). Hog’s lard is largely used in the manufacture of ointments, 
pomatum, &c. Its proximate analysis gives, according to Braconnot : — 

Stearine and margarine, 38 ; elaine, 62. 

The stearine is separated and used in the manufacture of candles, and the elaine 
sold under the name of Lard Oil. The ultimate analysis of lard gives — 

Carbon, 79’2; hydrogen, ll'l; oygen, 9‘7. 

HOLLAND. A linen fabric, which is sold when unbleached as brown holland, and 
which is used when bleached for finer purposes. See Lixen. 

HOLLANDS. A grain spirit manufactured in Holland. 

HOLLY. (Ze //biur, Fr. ; StechpalmfyGevm.') Hhe Ilex aquifolhm lAnnscuSy a 
British plant. Its leaves yield a yellow colouring matter similar to that obtained 
from buckwheat. The wood is as white as ivory, very hard and fine grained, and 
susceptible of a high polish; it is employed for many purposes. 

H(5mOLOGOUS. a term used iu organic chemistry to denote that substances 
differ b}' the constant increment C'H®. Thus, in the great series of acids commencing 
with the formic and extending up to the fatty acids, each homologue contains C‘H- more 
than the one before, and less than the one following, thus — 

Formic acid - ~ <!*Il-0‘ I Propionic acid - 

Acetic acid - * | Butyric acid - - &c. — C. G. M’’. 

HONDURAS MAHOGANY. —See SlAnocANr, 

HONES AND HONE SLATES. These are slaty stones which are used in 
straight pieces for sharpening tools after they have been ground on I’evolving grind- 
stones. The more important varieties are the following : — 

The Norway Tagsione which is the coarsest variety of the hone slates, is imported 
in large quantities from Norway. In Chamwood Forest, near Mount Sorrel, in 
Leicestershire, particularly from the Whittle Hill quarry, are obtained the Charnley 
Forest Stone, said to be one of the best substitutes for the Turkey oilstone, and it 
is much in request by joiners and othere. Ayr stone. Snake stone, and Scotch stone, are 
used especially for polishing copper plates. The Welsh oilstone is almost in equal 
repute with the Charnley Forest stone ; it is obtained from the vicinity of Llyn Idwall, 
near Snowdon, and hence it is sometimes called Idwall stone. From Snowdon is also 
obtained the cutler's green stone. The Devonshire oilstones, obtained near Tavistock, 
which were introduced by Mr. John Taylor, are of excellent quality, but the supply 
of them being irregular they have fallen into disuse. 

The German razor hone has been long celebrated. It is obtained from the slate 
mountains in the neighbourhood of Ratisbon, where it occurs in the form of a yellow 
vein running through the blue slate, varj ing in thickness from 1 to 18 inches. When 
quarried it is sawn into thin slabs, and these are generally cemented to slices of slate 
which serve as a support. Sometimes, however, the yellow and the blue slate are cut 
out naturally combined. There are several other hone stones, which, however, require 
no particular notice. 

' The Turkey oilstone is said to surpass in its way every other known substance, and 
it possesses in an eminent degree thg property of abrading the hardest steel ; it is, at 
the same time, of so compact and close a nature as to resist the pressure necessary 
for sharpening a graver, or any instrument of that description. There are white and 
black varieties of the Turkey oilstone, the black being the hardest, and it is imported 
in somewhat larger pieces than tbe white; they are found in the interior of Asia 
Minor and are brought down to Smyrna for sale. 

HONEY {Mel, Fr. ; Hunig. Germ.) is a sweet viscid liquor, secreted in the nectaries 
of flowers, collected by the working bees, and deposited by them in tbe wa^en cells 
of their combs. Virgin honey is that which is collected from a liive, the bees of which 
have never swarmed, the common honey is obtained from the older hives. The former, 
which is considered the best, is whitish or pale yellow, of a granular texture, a fragrant 
smell, and a sweet slightly pungent taste ; the latter is darker coloured, thicker, and 
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not so agreeable either in taste or smell. Honey would seem to be simply collected 
by the bees, for it consists of merely the vegetable products; such as the sugars of 
grape, gum, and manna ; along with mucilage, extractiv e matter, a little wax, and acid. 

Narbonne honey, the flavour of which is so much admired, owes its peculiarity to 
the flowers on which the bees feed. 

Trebizond honey has been long celebrated for its intoxicating qualities. The descrip- 
tion given in Xenophon’s Retreat of the Ten Thousand is well known. Many examples 
of poisonous honey are on record. 

HONEY COMB. The waxen cells of the boo. See Wax. 

HONEY-STONE (3/e/h'/c, Fr, ; Honhjstetn^ Germ.) is a mineral of a yellowish 
or reddish colour, and a resinous aspect, crystallising in octahedrons with a square 
base ; specific gravity F.jS. It is harder than gypsum, but not so hard as calc-spar ; it 
is deeply scratched by a steel point; very brittle; affords water by calcination ; blackens, 
then burns at the flame of the blowpipe, and leaves a white residuum which becomes 
blue when it is calcined, after having been moistened with a drop of nitrate of cobalt. 
It is a mellate of alumina, and consists of: 




• 





Klaproth. 

Wohler. 

Mellitic acid • 





. 

. 

40 

44-4 

Alumina 

- 



- 

- 


16 

14-5 

■\Vater - 

- 

- 

- 

- 

- 

- 

81 

41-1 








luo 

1000 


The honey-stone, like amber, belongs to the geological formation of lignite. It has 
been hitherto found only at Arturn in Thuringia ; at Luschitz, near Bilin in Bidicnua ; 
and near Walchow in iSloravia. 

HOP (Hou/ihin, Fr. i Ilopfen, Germ.) is the name of a well-known plant of the 
natural family of U rtioem, and of the Dmcia pentaniiria of Linnccus. The female flower', 
placed upon different plants from the male, grow in ovoid cones formed of oval leafy 
scales, concave, imbricated, containing each at the h.ase an ovarv fnrnisln d with two 
tubular open styles, and sharp pointed stigmata. The fruit oi' tlie hop is a small 
roundedseed,8lightlycompressed, brownish coloured, enveloped in a scaly calvx,tlnn, 
but solid, which contains, spread at its base, a granular yellow substance, appearing to 
the eye likea fine dust, but in the microscope they seem to be round, yellow, transparent, 
grains ; deeper coloured, the older the fruit. This secketion which constitutes the use- 
ful portion of the hop, has been examined in succession by Ives, Planche, Paycn, and 
Chevallier. A pretty full account of the results of their researches in trratin"- of 
the hop is given in tlie article Beer. ° 


Numher of Acres tinder the Ciiltication of Hops in England. 
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Parliamentary Return relative to the Hop produce of the last four years. 
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Annual Amount of Hop Duty. 


Yean. 

1 

Amount. 

Years. 

Amount 


£ 


£ 

1711 

43 437 

1735 

42.715 

1712 

3‘>,274 

1736 
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Pounds weight of hops which paid duti/^ which were exported on drawbacks or free of 
duty., and retained for home consumption. 


Year*. 

Charged with Duty. 

Exported on Draw- 

back or free of Duty. 

Retained for Home 
Cojiguiiipti'.u. 

1342 - - . - 

134.3 - . . - 

1844 - , . . 

1845 - - - . 

1846 - - - - 

1847 - - - . 

184S - - - . 

1849 - - - . 

1850 .... 

1851 - - - - 

18.52 - - - . 

1853 - - . - 

18.54 - . . . 

18.55 - - - - 

1856 - - - - 

18.57 - 

1858 - - - . 

lbs. 

35,432,142 

27,862,72.5 

29,285,004 

32,974,749 

50,704,025 

45,1.34,365 

44,343,985 

16,650,915 

48,537,669 

27,042,996 

51,102,494 

31,751,69.3 

9,877,126 

83,221,(104 

55,86,8,624 

47,717.561 

53,125,100 

lbs. 

662.832 

292,709 

153.849 
151,211 
448,497 
457,061 
r 57.029 
274,811 
270,511 
904,090 
955,855 
802,111,3 

5 .S 5 .IB 8 

852.850 
1,505,249 
1,4')0,I04 
4,177,2,50 

Ihs. 

34,769,310 

27.. ')70,(.ir> 
29,l;U,245 
32.823.538 
.50,255.528 
44,6:7,.304 
43,986,956 
16,376,104 
48,267,158 
26,138,906 
50,146,639 
30.949.590 

9.29 1,9 ',8 
8-\36S,418 

54.. 304..375 
46,267.457 
48,947.850 


HORDEINE is the name gifen by Proust to the peculiar starcliy matter of barley. 

be^i^mixture of the starch, lignine, and husks, trliich constitute barley 


HORN (Eng. and Germ ; Bois, Corae.Fr.), particularly of oxen, cows, goats, and 
sfieep, IS a substance soft, tough, semi-transparent, and susceptible of being cut and 
pres-ed into a variety of forms ; it is this property tliat distinguishes it from bone. 
J urtle or tortoise shell seems to be of a nature similar to horn, but instead of being 
xr“" A o "* fariegated with spots. See Tortoise Shell. 

Mr. Aikm (Trans. Sm. nf Arts') remarks, “In the English language we have only 
one word to express two quite difterent substances ; namely, the branched bony horns 
ot the stag genus, and the simple laminated horns of the ox genus, and other kindred 
gener^ The bony horns are called in the French boh, from their likeness to the 
blanch of a tree : they are annually renewed. The other horn to which the French 
appropriMe the term come, is found on the ox. the antelope, the goat, and sheep kinds.” 

J he vdluahle properties of horn render it susceptible of being employed in a variety 
of u orks fit for the turner, snutf-box, and comb maker. The means of softening 

the horn need not be described, as it is well known to be by heat ; but those of cutting, 
poli.hing, and soldering it. so as to make plates of large dimensions, suitable to 
Im in a variety of articles, may be detailed. The kind of horn to be preferred is 
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tluit of goats and sheep, from its being whiter and more transparent than the horn 
of any other animals. ^Vhen honi is -vranted in sheets or plates, it must be steeped 
in water, in order to separate the pith from the kernel, for about fifteen days in 
summer, and a month in winter ; and after it is soaked, it must be taken out by one 
end, w ell shaken and rubbed in order to get off the pith ; after which it must be put 
for half an hour into boiling water, then taken out, and the surface sawed even 
lengthways ; it must again be put into the boiling water to soften it, so as to render it 
capable of separating ; then, with the help of a small iron chisel, h can be divided into 
sheets or leaves. The thick pieces will form three leaves, those which are thin will 
form only two, whilst young horn^ which is only one quarter of an inch thick, will 
form only one. These plates or leaves must again be put into boiling water, and 
when they are suflBciently soft, they must be scraped with a sharp cutting instrument, 
to render those parts that are thick even and uniform ; they must be put once more 
into the boiling water, and finally earned to the press. 

At the bottom of the press employed, there must be a strong block, in which is 
formed a cavity. (»f nine inches square, and of a proportionate depth 5 the sheets of hom 
are to be laid within this cavity, in the following manner: at the bottom, first a sheet of 
hot iron, upon tins a sheet of horn, next again a sheqj of hot iron, and so on, taking 
care to place at the top a plate of iron even with the last. The press must then be 
screwed down tight. 

There is a more expeditious process, at least in part, for reducing the horn into 
sheets, when it is wanted very even. After having sawed it with a very fine and 
sharp saw, the pieces must be put into a copper made on purpose, and there boiled 
until sufficiently soft, so as to be able to be split with pincers ; the sheets of horn must 
then be put in the press where they are to be placed in a strong vice, the chaps of 
which are of iron and larger than the sheets of hom, and the vice must be screwed as 
quick and tight as possible ; let them cool in the press or vice, or it is as well to 
plunge the whole into cold water. The last mode is preferable, because the horn 
does not shrink in cooling. Now draw out the leaves of horn, and introduce other 
liorn to undergo the same process, 'riie iiurn so enlarged in pressing, is to be 
submitted to the action of the saw, w hich ought to be set in an iron frame, if the horn 
is wanted to be cut with advantage, in sheets of any desired thickness, which cannot 
be done without adopting this mode. The thin sheets thus produced must be kept 
constantly very warm between plates of hot iron to preserve their softness ; every 
leaf being loaded with a weight heavy enough to prevent its warpiug. To join the 
edges of these pieces of horn together, it is necessary to provide strong iron moulds 
suited to the shape of the article wanted, and to place the pieces in contact with 
copper-plates or with polished metal surfaces against them ; when this is done, the 
whole is to be put into a vice and screwed up tight, then plunged into boiling water, 
and after some time it is to be removed from thence and immersed in cold water. The 
edges of the hom will be thus made to cement together and become perfectly united. 

To complete the polish of the horn, the surface must be rubbed with the subnitrate 
of bismuth by the palm of the hand. The process is short, and has this advantage, that 
it makes the hom dry promptly. 

When it is wished to spot the horn in imitation of tortoise shell, metallic solutions 
must be employed as follows ; — To spot it red, a solution of gold in aqua regia must 
be employed ; to spot it black, a solution of silver in nitric acid must be used ; and 
for brown, a hot solution of mercury in nitric acid. The riglit side of the horn must 
be impregnated with these solutions, and they will assume the colours intended. The 
brown spots can be produced on the horn by means of a paste made of red lead, v ith 
a solution of potash, which must be put in patches on the horn, and subjected some 
time to the action of heat. 'J’he deepness of the brown shades depends upon the 
quantity of potash used in the paste, and the length of time the mixture lies on the 
horn. A decoction of Brazil wood, or a solution of indigo, in sulphuric acid, or a de- 
coction of saffron and Barhary wood may also he used. After having employed these 
materials, the hom may be left for half a day in a strong solution of vinegar and alum. 

In France, Holland, and Austria? the comb-maker and horn-turners use the clip- 
pings of hoili — which are of a whitish yellow — and tortoise-shell skins, out of wliieh 
they make snuff-boxes, powder-horns, and many curious and handsome things. They 
first soften the horn and shell in boiling water, so as to be able to submit them to the 
press in iron moulds, and by means of heat they form them into one mass The degree 
of heat necessary to join the horn clippings must be stronger than that for shell skins, 
and it can only be found out by experience. The heat must not, howevei;, be too 
great, for fear of scorching the horn or shell Considerable care is required in 
these operations, not to touch the horn with the fingers, or with any greasy body, 
because the grease will prevent the perfect joining. A\ ooden instruments should 
he used to move them, wlnle they are at the fire, and for carrying them to the moulds. 

In making a ring ot horn tor bell-pulls, &c., the required piece is to be first cut out 
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in the flat of its proMr dimensions, and nearly in the shape of a horse-sho*^ ; it !h< n 
preMed in a pair of dies to give its surface the di'sired pattern ; hm previous to tlui^rt"- 
snre, both the piece of horn and the dies are to be heated : the pitH-eof horn I'i to !^- 
introdaced between the dies, squeezed in a vice, and when cold, the impri SMon or 
pattern will be fixed upon the iiorn. One particular condition, however, i» to he <*' - 
served in the construction of llie dies, for forming a ring. They are to be so in.i i • 
that the open ends of the horse-shoe piece of horn, after being presaed, shall have a* 
one end a nib, and at the other a recess of a dovetailed form, conrcspooding to <‘3ch 
other ; and the second operation in forming this ring of hom is to heat it, and place it 
in another pair of dies, which shall bring its open ends together, and cause the dove- 
tailed joints to be locked fast into each other, which conqdetes the ring, and lea\es rn» 
appearance of the junction. 

In forming the handles of table knives and forks, or otherthings whu h require t<> 1 m 
made of two pieces, each of the two pieces or sides of the handle is foniud in a Mqci- 
rate pair of dies ; the one piece is made with a counter-stiDk groove along each Mdc, 
and the other piece with corresponding leaves or projecting edges. When these two 
pieces are formed, by first being cut out of the flat hom, then pressed in the dies 
in a heated state, for the pumose of giving the pattern, the two pieces are again 
heated and put together, the leaves or edges of the one piece dropping into ihr 
counter sunk grooves of the other piece, and being introduced hetween another p.ur < f 
heated dies, the joints are pressed together and the two pieces formed into one h.in.In . 

In making the knobs for drawers which have metal stems or pms f<» tin m inf" 

the furniture, the face of the knob is to be first made in a da*, as ahosi d- ‘.t r h. <1. and 
then the back part of the knob with a hole in it; a nielal di-.c plate of imn i*. n> m pro- 
vided, in which the metal stem or screw pin is fixed, and the ‘‘tetn hi inc pa-o-d through 
the aperture in the back piece, and the two, that is, the back and front )'n res of horn 
put together, they are then heated and pressed indies as above described ; the edge of 
the hack piece falling into the counter-sunk groove of the front piece, while M the 
heat they are perfectly cemented together. 

Mr. J. James has contrived a method of opening up the horns of cattle, by which be 
avoids the risk of scorching or frizzling, which is apt to happen in heating them over an 
open Are, He takes a solid block of iron pierced with a conical hole, whicli i> fitt' d 
with a conical iron plug, heats them in a stove to the temperature of im-Iting lead, and 
having previously cut up the horn lengthwise on one side with a saw, he snsirts its 
narrow end Into the hole, and drives the plug into it with a mallet. Jly the beat of 
the irons, the hom gets so softened in the course of about a minute, as to bear fiaitinir 
oat in the usual way. 


Importation of Horns^ 1857, 


Horns and Tips and pieces thereof. 

Qii int'ty. 

Value. 

Hanse towns - - - 

- tons 2-37 

;C2 1,626 

United States . - - 

7'*! 


Hrazil - - - - 

241 

ln.l:i7 

Uruguay _ . - 

j:U 

o.nr- 

Buenos Ayres - - - 

2>':> 


British possessions in South Africa 

i.r> 


British East Indies 

\,yj2 

4^ «• Vq 

Australia ... 

202 


Other parts - - - 

195 

1 1.1. >4 


.3,9.t8 

£154.233 

Exportation of Homxj 1857. 



Quantitf. 

Value. 

Horns, tips, and pieces of Hom - 

- CWt. 1327 

£51,986 

HORNBEAM!. The Carpinns betuhis, sometimes called the 

yoke-elm. 


a stringy and tough wood which grows in some pafts of Knrope. and w hich Is imported 
from America, it is used by millwrights for the cogs of wheels, also for'^kittle?, and 
for mallets. 

HORN SILVER, or Luxa Corxka. Fused chloride of silver. Roth those names 
were given by the alchemists to this preparation. It is found native. See Silver, 
Ores op. 

IIORJ^TONE. A variety of quartz, resembling flint, but more brittle, and. break- 
ing with a more splintery fracture. It sometimes occurs imbedded in limestone. 
See Cmert. 

HOUSE CHESTNUT. (J/arrownier J>Vnf/e, Fr. ; Gcmeine RosskaManie^Gorm.') 
The wood of this well known tree is used by the Tunbridge turner. It is only em- 
ployed for some large varnished works. 
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HORSE POWER, in steam enfrines, is estimated by Mr. Watt at "2.000 pounds 
avoirdupois lifted one foot high per minute, for one horse. M D’Aubuisson, from an 
examination of the work done by horses in the whims, or gig? (machines a molottcs)for 
raising ore from the mines at Freyberg, the horses being of average size and strength, 
has concluded that the useful effect of a horee yoked during eight hours, by two relays 
of four hours each, in a manege or mill coui^, may be estimated at 40 kilogrammes 
raised 1 meter jh'T second ; which is nearly 16,440 pounds raised one foot per minute ; 
lieing very nearly one half of Mr. Watt’s liberal estimates for the horse power of hU 
steam engines. 

Fre<Ierick William Simms, M. Inst. C. E., adopted some peculiar conditions of 
work on which he was engaged to determine the \alue of horse power. He had to 
make a tnonel for the South Eastern Railway. This tunnel was driven in the middle 
bed of the lower green-sand, lx*twcen which and the surface of the ground is interposed 
only the upper bed of the same stratum ; but in sinking tlie eleven sbafU for the work, 
it was found that at the level of the top of the tunnel, the ground assumed the character 
of a quicksand, saturated witli water, in such quantity that it could not be reduced by- 
manual labour. I'nder thc'^e circumstances horse gins were erected for drawing 
the wat<r by barrels, containing one hundred giiloDS each, weighing when full 
alioul 1.'. lu liis, 

'I’he engineer's intention was, to drive simultaneously from these .‘^hafts. in the direc- 
titm of the tunnel, an adit or heading to carry off the water ; but the earth, which was 
s.and mixed with fine particles of blue clay, was so filled with water as to become a 
mass of scmifiuid mud ; great exertions were therefore necessary to overcome the water, 
without erecting pumps. At first this was accomplished by making each horse work 
for 12 hours and then for 8 hours per day, allowing one hour for food and rest : as 
the water increased it became iiocessary' to work night and day. and the time of each 
horse’s working wns reduced generally to 6 hours, and sometimes to 3 hours. As all 
the horses wen* hired at the rate of seven shillings per day. the engineer, who had 
the direction of the works, ordered a daily register to be kept of the actual work done 
by e.ieh horse, for the doiihle purpose of aseertaining v^hether they all performed their 
dutv, and also hoping to collect a body of facts relative to horse power which might 
be useful hereafter. 

Mr. Simms gives as a proposition, “ that the proper estimate of horse power would 
be that which measures the weight that a horse would draw up out of a well ; the animal 
acting by a horizontal line of traction turned into the vertical direction by a simple 
pulley, whose friction should be reduced as much as pos^ible.” He states that ^e 
manner in which the work was performed, necessarily approached very nearly to these 
conditions ; and after giving the princip^ dimensions of the horse gins, he analyses 
each set of experiments, and by taking the mean of those, against which no objections 
could be urged, he arrives at the following results : — 

The power of a horse for 8 houra =* 23,412 lbs. raised 1 foot high in one minute, 
do. do. 6 » 24,360 do. 

do. d(^ = 27,056 do. 

do. do. 3 = 32,943 do. 

Of these results, he thinks the experiments for 6 hours and for 3 hours alone should 
be adopted as practical guides, all the others being in some degree objectionable. 

As a means of comparison, the following table of estimates of horse power is given : — 


. jpounds ra’seJ 

Name. | l foot hijth 

in a minute. 

Hours of trork 

Authority. 

Boulton and Watt - 
Tredgold . . - 

Desaguliers - - - 

Ditto - - - - 

Saussure.« - - - 

More, for Society of Arts 
Smeaton - - - - 

32.000 
27,.'>00 

44.000 
27^00 
34,020 

.21,120 

22.000 

8 

8 

8 

Not stated 
8 

Not stated 
Not stated 

Robinson’s Mech. Phil., ii. 145. 
Tredgold on Railroads, p. 69. 

Dr. Gregory’s Mathematics 
for Practical Men, p. 183. 


These are much higher results than the average of his experiments, and would 
more nearly accord with the extremes obtained by him; but under such^excessive 
fatigue, the horses were speedily exhausted, and died rapidly, ^^early one hundred 
horses were employed ; they were of good quality ; their average height was 15 hands 
4 inch, and their weight about cwts., and they cost from 20/. to 40/. each. They 
had as much com as they could eat, and were well attended to. 

The total quantity of work done by Uie horses, and its cost, was as under; — 

Vot. n. H H 
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Ion*. 


Begiatered quantity of water drawn 104 feet, the average height,! jo^^533 
28,220,800 gallons - - - - - - - •J"* 

Do. earth, 3,500 yds, 1 ton 6 cwt. per jard ... 4.550 


Total weight drawn to the surface • - 133,955 

Total cost of horse labour, including a l)oy to drive each horse, l,585t 15a. 3*/., or 
2*86d. per ton the average height of lot ft 

Mr. Palmer made some experiments on the amount of work performed bv horseS 
tracking boats on canals. On the upper end of the mast of the lM»at a pulley was hung ; 
over this the towing rope was pass^, with the means of 5uf*|H‘nding to its extremity 
given weights, so as exactly to balance the power exerted by the liorse. 

The resnlts arrived at by these means were so various, that he could not d«*dnce 
any average conclusions, as the power exerted varied between 30 lbs. and I2«> Uhi.. 
the power diminishing as the speed was increased, lie thought that 2! miles was too 
high an average estimate, and that it should not exceed 2 miles per nour, although 
in*all estimates of horse power, the speed was considered to be at an average of 2j 
miles per hoar, and all experimeJJts were reduced to that standard. 

Mr. Hawkins, some years since, had made numerous inquiries respecting the work 
done by horses in drawing upon common turnpike roads, and found that four po<.d 
horses could draw an ordinary stage-coach with its complemeiu of | .»vM ngrrH, 
at the rate of ten miles an hour; that if they ran slaps lo units in the liour, 
the horses must rest one day in each week ; that gt>od horses, so work <1. would Inst 
only five years, each horse drawing about half a ton, IIo had K « u infornied hy 
waggoners, that good horses would walk at the rate of jdjI, s r hour, for twelve 
hours out of twenty-four, making 30 miles a day; and that the\ would continuo t<» do 
such work day by day, each horse drawing one ton, for many jears, provided they 
had not been worked hard when young. 

It is desirable to know the average speed at which the different rates of work had 
been performed ; this was essential in order to found any calculation upon the results 
given. Coach proprietors calculated that at a speed of 1 o miles per hour, a horse was 
required for every mile going and returning, so that one horse was kept for every 
mile of road. Now supposing a four-horse coach, with an average load, to weigh 2 
tons, the load for each horse was 10 cwts. ; whereas in the case of a horse drawing a 
cart, the gross load frequently amounted to 2 tons, but the speed was reduced to 2J 
miles per hour, at which pace he conceived that 16 miles per day might becousidereci 
a fair day*s work ; this therefore was double the distance with four times the load, or 
eight times the coach work, but with a heavier horse. 

The law that the quantity of work done was as the square root of the velocity,— or 
as the cube root of the velocity, in equal times, — is confined to work upon canals, or 
bodies moving through the water. 

Mr. Rennie had tried some experiments on the force of traction of the boats on the 
Grand Junction Canal. The towing rope is attached to a dynamometer, which had 
previously been attested by weights. 

The horse, although urged at first starting, was afterwards allowed to full into his 
natural speed, which was 2^ miles per hour on the average of 2U miles. 'J'he maxi- 
mum speed was 4 miles, and the minimum 2 miles, per hour. The dj naraometer 
indicated an average of 108 lbs., which was capable of overcoming the resistance of 
the loaded barge of 25 tons, being in the ratio of 15*00. The weight of the horsiK; was 
about 11 cwts. 

He also tried many expt^riments upon a fast boat, lent to him in 1833 by the late 
Colonel Page. These experiments were principally made in order to ascertain the 
comparative resistance of vessels moving through water at different velocities, and 
the Grand Junction Canal afforded a convenient opportunity of undertaking them. 

The boat was 70 ftet in length. 4 feet in breadth, and drew 9 inches of water. 

The traction indicated by the dynamometer the following resistance. — 


Mihs pprhour. 

At the resistance was 20 


3 


27 


»» 

30 

4 

ti 

50 

4i 


60 

5 

„ 

70 to 75 


One horse was employed in these expe- 
riments. 


Milef per hour. 

At 6 the resistance was 97 to 214 


7 


2.')0 

8 

„ 

336 

9-62 


411 

10 


375 

Hi 

>7 

392 


Average 

.336 


Two horses were employed in these expe- 
riments. « 
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Stakes were fixed near the margin of tho canal, so as to ascertain the rise and fall 
of the wave caused by the boat in passing ; and it was observed that when a bc^t 
passe<l with a velocity of from 4 to 6 miles per hour, the rise of the wave v as 5 inches, 
and the fall 5 inches, making a wave of 10 inches in d^pth ; and when the velocity 
was 1 miles, the rise was reduced to 2^ inches, and the fall to inches. 

Great difference existed in the power of horses, their weights and stnicture; and 
the large dray horses used by Messrs. Barclay, Perkins, and Co. did a full average 
dut\ as assumed by lioulton and Watt; but considering the average power of strong 
and Meak animaU, he had adopted 22,000 lbs. raised 1 foot high as the standard ; 
much, however, depended on the nature of the work performed. 

Mr. Davidson has given the following statement of the work performed by a Lon- 
don brewer’s horse per day ; the cost of feed and of w ear and t* ar pt^r horse per annum 
being derived from actual experience among a large number of horses at Messrs. 
Truman, Hanbury, and ('o.'s. l>rewt*ry. 'I'he feed, &c . is supposed to have cost the 
fame per <|uarter |>er truss, , each year. 


Vr ir* . 

iNinn.U \\ 1 iwtil 
<lravi n MiU-v 

j'< r per 

rfUndx \Vi 
(ir.iHi) (>| Mticfi 

iit|r ptr Da)'. 

Pound* 
WVi^ht dr^DD 
la Mil*f wr 
per Uaj. 

Coft of Feod 
and Straw per 
Horsr p?r 
Annum. 

Difft-renro por 
Hor«<* of Hors<^ 
Iwjpht pu 1 
p4'r .4ii!iiirn 


5,14s lbs. 

1,7 It; lbs 

3,342 lbs. 

£43 

2 

7 

£\0 

0 

3 

18 36 
1.837 

5,072 

1,767 

3,389 

43 

16 

6 

9 

18 

U 

\S3S 

5,057 

i.Boa 

3,377 

41 

18 

0 

9 

15 

9 

18.39 

5,2S7 

1,740 

3,513 

42 

9 

11 

9 

7 

1 

1S4I) 

5,786 

1.820 

3.803 

46 

11 

7 

7 

17 

li 

l.<i41 

.^.31 1 


.q.-wo 

4.5 

0 

1 

10 

IC 

11 

l.‘-42 


1.710 

.3,r,oi 

47 

0 

9 

10 

8 

0 


:ir,,'rj4 

12,171 

21.4.*.:. 

309 

19 

5 

68 

3 

11 

.\Aer.igf 7 
>rs. iiearl) 

1 .5,275 

1,7.18 

3,.>06 

44 

5 

7 

9 

14 

10 


Mr. Beardmorc mentions a case which occurred in a work near Plj mouth, which 
he believed would give the fair value of the work* actually performed daily by a horse 
for a considerable period, 

A ^piarry-waggon, weighing 2} tons, carrying an average load of stone of 5j tons, 
was drawn by one horse along a railway 960 feet in length, 260 of it being level, and 
the remaining 700 feet having an inclination of 1 in 138. During 48 working days 
the number of trifw was 1,302, or an average of 27*1 trips each day; the time of per- 
forming each trip was 4 minutes, or at a speed of 272 miles per boor; and the 
total weight drawn, including that of the waggons, was 23,959,600 lbs. 

Repeated experiments proved, that upon the incline of 1 in 138 the waggons in 
their ordinary working state would just remain stationary ; the friction was therefore 
assumed to be 16*2 lbs. per ton ; by calculation it was found that the horse raised 
39,320 lbs. 1 foot high per minute during the 8 working hours each day: the useful 
effect, or net amount of stone carried, being 21,738 lbs. raised 1 foot high per minute. 
This difference between the work done and the useful effect arose from the necessary 
strength and weight of the waggons. 

The animal employed was a common Devonshire cart-horse. 8 years old, 15 hands 
high, and weighed U)-^ cw ts ; he continued doing the same work throughout a whole 
summer, remaining in good condition; hut a lighter horse was found unequal to it. 

HOHSESIIOKS. The ordinary methotl of making these is well known. There 
has however been lately introduced with much success a machine for making horse- 
shoes. One of these machines has been erected at Chillington Ironworks, Wolver- 
hampton, by the inventor, Mr. Henry Burden, of Troy, New York. As early as 
1835 he took out a patent for a mit^hine for making horseshoes, which he improved 
upon in 18A3. and this was fumed to practical account by Ae- production of a con- 
siderable number of horseshoes. The present machine, however, which was patented 
in 1857, is entirely different from the former ones, and is a very remarkable piece of 
mechanism. In the previous machine.*! the piece of iron bar of which the shoe was to 
be made was rolled into shape before being bent, and the pressure of the rollers being 
in the direction of its length, the bar, when it was pressed, was naturally rather ex- 
tended in length than width, and the widening which is required at the crown of the 
shoe was not properly effected. By the present plan the bar, after being heated, 
enters the machine by a feeding apparatus, a piece of the required length is cut off, 
and, by a stroke from a piece of steel, shaped like the inside of a horseshoe, is bent, 
and falls upon a diAn a wheel beneath, corresponding to one on a cylinder above, 
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and thus acqnirca by pf«trare tbe desired shape, two lateral strikers at the tamo 
moment hitting the extremities, or heels, of the shoe, and dririog them towards into 
the required shape. Thence it passes between another pair of diet, where it is stampe*!. 
and by an ingenioos arrangement is flattened from the carled shape which the wheel 
gires It as it falls at the mouth of the machine. The shoes thus made are remarkahlc 
for their exactness in shape and in the position of the holes — a most important |vMut 
with regard to the safety of horses’ feet ; and they can bo produced, when the machine 
is in proper order, at the rate of 60 per minut«\ which is more than two men can 
forge in a day, and the superiority over shoes forge<l by hand is very striking. As 
the t^r is bent before being pressed in the die, the pressure at the crown U in the 
direction of the width, and hence the widening is readily effected. 

UOSIEHY. (BoiiJirtme, Fr. ; <S<ricM^«e^ei, Germ.) The which 

is the great implement of this bnsiness, tnongh it appears at flrst sight to he a compli- 
cated machine, consists merely of a repetition of pans easily nndersUKxl, with a mo^ 
rate degree of attention, provided an accurate conception is first formed of the nature 
of the hosiery fabric. This texture is totally different fhnn the reetannlar decussation 
which constitutes cloth, as the slightest inspection of a stocking will show ; for this, 
'"instead of having two distinct systems of thread, like the warp and the weft, which ar*' 
woven t<^ether by crossing each other at right angles, the whole piece is cotnp<H>-<l 
of a single thi^ad united or looped together in a peculiar manner, which is cailcd 
stocking-stitch, and sometimes chain-work. 

This is best explained by the view in /•’«/. f)6.3. A singl*' thread is into 

a number of loops nr waM’**. h\ arr.inging it 
over a mmiher of parallel needles, as shown at 
n; these arc retained or kept in the form of 
loops or waves, by Ix’ing tlrawn or loop«»d 
through similar loops or waves formed hy the 
thread of the precctling course of the work. h. 
The fabric thus formed by the union of a num- 
ber of loops is easily unravelled, because the 
stability of the whole piece depends npon the 
ultimate fastening of the first end of the thr<‘ad ; 
and if this is undone, the loop? formed hy that 
end will open» and release the suhse<|uent loops 
one at a timey until the whole is unravelled, anddrawu out into the single thread from 
which it was made. In the same manner, if a thread in a stocking piece fads, or 
breaks at any part, or drops a stitch, as it is called, it immediately produces a hole, 
and the extension of the rest can only he prevented by fastening the end. It should 
be observed that there are many different fabrics of stocking stitch for various kinds 
of ornamental hosiery, and as each requires a different kind of frame or machine to pro- 
duce it, we should greatly e.xceod our limits to enter into a detailed description of them 
all. That species which we have represented in Jiy 1)63 is the common shaking-stitch 
used for plain hosiery, and is formed by the machine called the common stocking-frarae. 
which is the groundwork of all the others. The operation, as we see, consists in draw- 
ing the loop of a thread successively through a s*?ries of other loops, so long as the 
work is continned, as is very plainly shown for one stitch in Jitj. 964. 

There is a great variety of different frames in use for producing various ornamental 
kinds of h(»ie^. The first, which forms the foundation of the whole, is that for knit- 
ting plain hosiery, or the common stocking-frame. 

Of this valuable machine, the invention of Mr. Lee of Cambridge, a side elevation is 
given in Jty. 965, with the essential parts. The framing is supported by four upright 
posts, generally of oak, ash, or other hard wood. Two of these posts appear at a a, and 
the connecting cross rails are at c c. At b is a small additional piece of framing, which 
supports the hosier’s seat. The iron-work of the machine is bolted or screwed to the 
upper rails of the framework, and consists of two parts. The first rests upon a sole of 
polished iron, which appears at d, and to which a great pan of the machinery is 
attached. The upper part, which is generally called the carriage, runs npon the iron 
sole at D, and is supported by four small wheels or trucks, as they are called by the 
workmen. At the upper part of the back standard of iron are joints, one of which 
appears at q; and to these is fitted a frame, one side of which is seen extending to h. 
By means of these joints the end at h may be depressed by the hc^ier’^ hand, and it 
returns, when reUeved, by the operation of a strong spring of tempered steel, acting 
between a cross bar in the frame, and another below. The action of this spring is 
very apparent in Jig. 966. In the front of the frame, immediately opposite to where 
the hosier sits, are placed the needles which forms the loops. These needles, or rather 
hooks, are more or less numerous, according to the coarseness or fineness of the 
stocking; and this, although unavoidable, proves a very confi||l!rable abatement of 
the value of a stocking-frame. In almost every other machine (Sr example, those cm- 
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ploved in spinning or weaving), it U easy to adapt any one either to vork coarser 
or finer work, as u may be wanted. But in the manufacture of hosiery, a frame 
once fimsht*d, is limited for ever in its operation to the same quality of work, with 
tliis exception, that by changing the the work may be made a little more dense 
or dimsy ; but no aiteration in 
the size (*r quantity of loops can 
take place. Hence where the 
manufacture is extensively pro- // 
secuitd, many frames ma^ be /j 
thrown idle by every vicissitude if 
of demand ; and where a poor A 'j ' 
mechanic does purchase his own \ I ' 
frame he is for ever limited to \| i 
the same kind of work. The 
gauge, as it is called, of a stock- 
inp-fr.inie is repiilattd b\ the 
mimlxT of lo.ijts contained m 
thrte inches of brea<lth. and va- 
nes ver> much; the coarsest 
frames in common use being 
alxiut what are termed Four- 
t<en.s and the finest employed 
in great extent about Forties. 

The needles are of iron wire, 

(he manufacture of which is 
very simple ; hut long practice 
In the art is found necessary be- 
fore a needlc-makiT acqninsihe 
dextrrity which will m iblc liiin 
b(»tli to execute his work well, 

and in sutheienf quantity to render his labour productive. 

The process of making the needles is as follows: — Oood sound iron wire, of a proper 
fineness, is to be stdcctod ; that which is liable to split or splinter, either in filing, 
punching, or bending, l>oing totally unfit for the purpose. The wire is first to be cut 
into proper lengths, according to the fineness of the frame for which the needles arc 
designt*d, coarse needles being considerably longer than fine ones. When a gufiScient 
number (generally some thotuands) have been cut, the wire must be softened as much 
os {Hissible. This is done by laying them in rows in a fiat iron box, about an inch 
deep, with a close cover ; the ^x being filled with charcoal between the strata of wires. 
This box, being placed upon a moderate fire, is gradually heated until both the wires and 
charcoal have received a moderate red beat, l^cause, were the heat increased to what 
smiths term the white beat, the wire would be rendered totally unfit for the subsequent 
processes which it has to undergo, both in finishiug and working. When the box has 
been sufficiently heated, it may be taken from the fire, and placed among hot ashes 
until both ashes and box have gradually cooled ; for the slower the wires cool, the 
softer and easier wrought they will he. When perfectly cool, the next process is to 
punch a longitudinal groove in the stem of every needle, which receives the point or 
barb, when depressed. This is done by means of a small engine worked by the power 
of a screw and lever. The construction of these engines is various ; hut a profile 
elevation of one of the most simple and commonly 
used will be found in /rt/. U60. It consists of two 
very strong pieces of malleable iron, represented 
at A and c, and these two pieces arc connected by 
a strong well -fitted joint at B. The lower piece, 
or sole of the engine at c, is screwed down by bolts 
to a strong board or table, and the upper piece a 
will then or sink at pleasure, upon the joint b. 

In order tmst a may be very steady in rising and 
sinking, which is indispensable to its correct oper- 
ation, a strong bridle of iron, which is shown in 
section at k, is added to confine it, and direct its 
motion. In the upper part of this bridle is a female screw, through which the forcing 
screw passes, which is turned by the handle or lever d. To the sole of tl7e engine c 
is fixed a holster of tempered steel, with a small groove to receive the wire which is to be 
punched ; and in the upper or moving part a, is a sharp chisel, which descends exactly 
into the groove, when a is depressed by the screw, Thrae are represented at f, and 
above h. At o ia,a strong spring, which forres up the chisel when the pressure of 
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the scmr u miOTed. The arpcarance of the gtoore, when the {Mtschiog U finuht d, 
will be Tendered fiunUiar by intpccting fig. 97tl, p. 471. When the punch-ug w 
dnUhed, the wires are to be brought to a fine smooth point by ftling and buru)»ii>pg, 
the latter of which should be rery completely dime. as« besides polishing the »ire. it 
tends greatly to resloTe that spring and elasticity which has bean removed by the pre- 
vious operation of softening. The wire is next to he bent, in wder to fom» the hook 
or barb ; and this is done with a small piece of tin plate bent double, which receives 
the point of the wire, and by its breadth regulates the length of the barb. The stem 
of the needle is now flatten^ with a small hammer, to pn'vent it from turning in the 
tin socket in which it Is afterwards to be cast ; and the point of the barb being a Itttk 


carved by a pair of small plyers, the needle is completed. 

In order to 6t the needles for the frame, they are now cast into the tin sockets or leads 
as they are called by the workman; and this is done by placing the needles in an iron 
mould, which opens and thaU by meant of a joint, and ponring in the tin while in a 
state of fusion. In common operations, two needles are cast into the same socket. T^ 
form of the needle, when complete and fitted to iu place in the frame, will be seen in 

fig. 9fi7, which iaa profile section 
/T^ ^ needle-bar exhibiting one 
needle. In this figure a section of 
I the pressure is represented .^it r; 

^ ^ needle apjKMrs at o, and the 

socket (tr level at k. At ii, is a 
*1 section of the m-edle-bar, on the 

A . f X \ ■ 11 t . 

r<»re part of whu h i.s a small plate 
of iron called a verge, to regulate the position of the nee<lh r. When placed upon 


the bar resting t^ainst the verge, another plate of iron, generally lini-d with s*»ft leather, 
is screwed down upon the sockets or leads, in order to keep them all fast. This plate 
and the screw appear at !■ When the presscr at r is forced down ujK>n the barb, this 
sinks into the groove of the stem, and the needle is shut ; when the pretser rises, the 
barb opens again by its own elasticity. 

The needles or hooks being all properly fitted, the next part of the stocking-framc to 
which attention ought to bo paid, is the machinery for forming the loops ; and this con* 
sists of two parts. The first of these, which sinks between ever) st'cond or aliernaic 
needle, is represented at o, fig. 96.>, and is one of the most important parts of the w bole 
machine. It consists of two moving parts; the first being a succession of horizontal 
levers moving npon a common centre, and calledjacks, a term applied to vibrating levers 
in various kinds of machinery as well as the stocking-frame. One only of these jacks 
can be represented in the profile fig. 065 ; but the whole are distinctly shown in a bori- 
zontal position in fig. 968 ; and a profile upon a very enlarged scale is given in fig. 969. 
The jack shown in 963, extends horizontally from o to i, and the centre of motion 



is at B. the front, or right hand of the jack at o, is a joint suspending a very 
thin plate of polished iron, which is termed a sinker. One of these jacks and sinkers is 
allotted for every second or alternate needle. The form of the sinker will appear at ^ 
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Jig. 9«>9 ; and in order that all may V* exactly uniform in shape, tbi-y are cut out and 
tiiiishiHi between two stout pit^ces of iron, which St*r\e as moulds or jranees to direct the 
frame-snmh. The other end of the jack at i. is tapered to a j>oinl ; and when the jacks 
arc in their horizontal posiii(»n,they are secured by small iron sprin}^, one of which is 
represented at '»<>■>, each spring having a small obtuse-angled notch to receive the 

point of the ,a«'k, afrain'-t which it presses by its own elasticity. In^/ry. 9C9, the centre 
is at R. the j-omted tail is omitted for want of room, the joint is at o, and the throat 
of the sii.ki r. which forms the loop, is at s. The standards at r, ujvon which the jack 
nio\. % an called combs, and consist of pieces of flat smooth bra-«s, parallel to, and 
e<piidi'*taut from each other. The cross bar b. which contains the whole, is of iron, 
with a perpendicular edge or rim on each side. K'avitig a vacancy bttween them, or a 
space to receive the bottom part or tails of the combs. The ci mbs are then placed in 
the bar, with a flat piece of br:i‘;s callt"! a countercomb, between each, to ascertain 
and preserve tbur distances from t-ach other. These countercombs are exactly of 
the same shape as tlie comb", hut ha\e no tails. >Mien both combs and countercombs 
arc pl.icfd in the b ir, w is lntv<i with clay so as to form a mould, into which is 
p<»ured a sufficient «pinntit) of melted tin. When the tin has had time to cool, the 
couiitercninhv lni\ in^ no tails are easily taken out, Ad the combs remain well fastefJeu** 
and scoured b\ the tin, which has been fu.sed entirely niiind them. Thus they form a 
successum of standards for the jacks; and a hole being drilled thnnigli each jack and 
each comb, one polished wire put through serves as a common centre for the whole. 

The jack sinkers being only used for every alternate or second needle, in order to 
complete this part of the apparatus, a second set of sinkers is employed. These are, in 
form and shape, every way the same as the jack sinkers, hut they are jointed at the top 
info pit CCS of tin, all of which are screwed to the sinker bar, n..;i?|i 7 . 965 ; and thus a 
sinker of each kind doscend.s between the needles alternately. Hy these sinkers the 
bw'ps uro ftrniod upon all the lundles and the reason of two sets different in operation 
being i'mpl<*\e<l. will he assigned in describing the mo<le of working the frame. The 
pnsser ot the oj'er.ition, <»f which something has ,already been said, appears at f ; and 
of the two arm's « hieh ''Up] on ami give motion to it. one appears very plainly at E,its 
centre of motion lieing at c. The circular bend given to these arms, Iwsides having an 
<*rnanu*ntal effect, is very useful, in order to prevent any part from mterfermg with the 
(»iher parts which are behind, by elevating them entirely above them. The extremitiei 
of these arms at the termina- 
tion of the bends behind, arc 
connected by a cross bar, which 
has al>o a circular bend in the 
iniddle.projecting downwards for 
a reason similar to that already 
a.«signed. This bend is con> 
cealed in A- 965, but visible in 
the front elevation. Jig. 971, 

From the middle of the bend, 
the presser is connected with 
the middle treadle by a depend- 
ing wire appearing at 965, 
and thus, by the pressure of that 
treadle, the presser isforceddown 
to close the barbs of the needle. 

The re-ascent of the presser is 
sometimes effected by means of 
a counterpoising weight passing 
over a pullej behind ; and some- 
times by the reaction of a wooden 
spring, formed of a strong hoop 
like represented at k. The 
latter of th^ is preferred, espe- 
cially by the Nottingham hosiers, 
because, as they assert, it makes 
the presser spring up with greater 
rapidity, and consequently saves 
time in working. How far this 
may be practi^ly the case, it 
would be superfluous here to 
investigate ; but it is obvious 
that the wooden spring, if very stiff, mast add much to the hosier’s exertion of his foo^ 
already exercised against the united spring of all his barbs ; and thU inconv^ience is 
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iDDcb complied of hj those who have been accustomed to work with the coontrr- 
poise. 

At L are two pulleys or wheels, of diffVT»'nt diameters, moring upon a common centre, 
by which the jack sinkers are relieved fn^n the hack springs, and thrown downwanls 
to form the loops upon the needles. Ahoiir the larij.T wheel is a hand of whipcord, 
passing twice round, the exirenuiies of w hh h are attached to what is called the shir, 
which disengages the jacks from the back ^pr:ncs. 'I he umalier pulley, h? snoihor 
band, eommtmicates with the right and left tn adl*- ; so that the«>‘ treadii*a, wb^ pr(*s.«e«i 
alternately, turn the pulle) s about in an inverted onl* r. 'I he directions of ihes** 
hands also appear more plainly in the front elevation, /w 97 I. Th*- con*tr«ction of 
the slur, and its effect npon the jacks, will als*i be rend, n - 1 .ipinir.-nt fio 970 In 
this figure, eight jacks are represented in section, the tad p.iri of thr. . wh rh. 1. 

3, are thrown up by the slur in its progress firom left to right . tl». fourth ;n 
act of rising, and the remi^ning four. 5, fi, 7, and 8, are still unaeied upon, ‘h. -li-.r u.-t 
yet having reached them. As the slur acts in the direction of the tUAiM hue x x. h.j 
9tJ8. behind the centres of the jacks, it is hardly necessary to remark, that this forcing 
the tails must of course depress the joints by which the sinkers in front are sus- 
pended ; the jack sinkers falling successively from the loop* on evrry alt.-rnatc 

nct'dle, uj flic w.vy n-preMo Ud at 
Ji</. 97t. wliTi- N'th kinds of 
sinkers app«-ar in si'^tion. the hght 
part evpn‘.‘.ing what is alH»vf the 
pMiit at mliich the throat of (ho 
M'-.ker t>|HTiile* upon the thread, 
and the d.irk part what is Iwdoir. 
’I'he S4*cond set. or. as they arc 
... called, the lead sinkem, from the 

manner of joining them, and susponhnj them from the bar above, appear siill elevated; 
the position of the bar being represenie<l by the line a. b. Hut when these arc punt’d 
down to the level of the former hy the operator's hands, the whole looping will l>e 
completed, and the thread r, n. which is still slack, will he brought to its full and 
proper degree of tension, which is reguUted by stop scr« ws. so as to he tmij'^Tnl or 
atlered at pleasure. The sinking of this second s*'t of sinkers mux l asilx i \- 

pl.amcd hy fi(j. 'jT 4. Tlie dir» ct;ori 
of the sinkers is cxpitssc'd by tl»c 
line E; the bar from which thx y 
are suspended will be at a ; the top 
frame is in the direction from a to 
D ; the back standards at d, and the 
joint at n. is the centre of motion. 
If F. is pnllcd perpendicularly down- 
ward®, the spring r will Ixe fon- 
tiactcd.and its up} er extreme point, 
G, Will be brought nearer to its lower extreme point f, which is fixed. .Again, whm 
the force which has depressed e is removed, the spring c will revert to it'* former 
and the sinkers will rise. The raising of the jack .sinkers and jacks takes place at the 
same time, by the hosier raising his hands; and for the cause of this we must revert 
to Jig, 968. The lead sinkers in rising lay hold of notches, which raise the extreme 
parts of the set of jacks st, e, which are called half-jocks. Between the extremities of 
the^ at z z, IS a cross bar, which, in descending, presses all the intermediate jacks 
behind the common centre, and restores them to their original posture, where they 
are secured by the back springs, until they are again reUeyed by the operation of the 
slur recrossing at the next course. 

ir,.rk,mi nf the frame. — In order to work a frame, tlie whole apparatns beinir pre- 
viously pm into complete order, the hosier places himself on the seat b in front and 
provides himself with a bobbin of yarn orstuff. 'Khis bobbin he places loosolv on a 
vertical pm of wire, driven into one side of the frame contipunus to thp.ocedlcs, so 
that It may turn freely as the stuff is unwound from it. Taking the thread in his 
e U • f™*® >t loosely along the needles. b.-hind the barbs, and nnder the throats 
of the sinkers. He then presses dow n one of the treadles to p.i.ss the slur along, and 
unlock the jacks from the hack springs, that they may fall in succession. When this 
a .r’ f ‘hiis formed is doubled by bringing down the lead sinkers 

and the n£w foTOed io^s are lodged under the barbs of the needles hy bringing 
forward the sinkera. The preceding course, and former fabric, being tLn again 
pushed back, the barbs are shut hy depressing the middle treadle, and Wing down 
the presser upon the needles. The former work is now easily brought over the shut 
needles after which, by raising the hands, both sets of sinkers are raised ; the jacks 
are locked by the back springs, and the hosier goes on to another course. 
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From this it will he apparent, that the remark made in the is wt-ll founded, 

that there are in realilj no compInaKd or difficult movements m the stockinjr-frame. 
Almost the whole are merely iho-e of levers moving upon their re«pecii>e fulcra, ex- 
c« piing that <»f the carnage which gives the horizontal motion to the sinkers, and that 
is nuTcly an alternate inoium on four wheels. Vet the frame is a machine which re- 
• {u:r»-s consi'ierahle experience and care, both to work it to advantage, and also to keep 
It in gjxwl order. This circumstance arises greatly from the small compass in which 
a nuMilver of nn‘> ing parts must be included. ()wing to this, the needles, unless 
ca*itu)u»*l\ and dtlicately handled, are easily l>eni or injured. The same circumstance 
apj 111 H ^ ith e<tual or greater force to the sinkers, whieli must be so very thin as to be 
eastl) injured. Hut as these must work freely. Irfith in a perpendicular and horizontal 
dirt‘ct»on V>elwecn the needles, in a ^e^y confined and linuied spare, the slightest varia- 
tion in either, from being truly and sijuarely jdaccd. iinavoidahly injures the others. 
When a hosier, either ignorant of the iixehanical lav^s of tbirir relation to each other, 
or too impatunt to \rni! fur the a‘-‘Mvi.uu o i>f another, attempts to rectify defects, he in 
most casts mcreaM s them ti nfnld. and n ndirs the machine incapable of working at 
all. until repainil h\ s inc more exprrieiieed person. This circumstance has given 
rise to a srt of no n i niplo^-d in this trade, and dis!in,‘fiiished by the naracof upsetter#^ 
and the.se pioph', K'sides setting new frames to work, have frequently more eniploj- 
nu'iit in repairing old ones injnrcKi by want of care or skill, than many country 
apothecaries, who live in unhealthy parishes, find in tampering with the disorders of 
mankind. 

It M'ems unneceasary to go further into detail respecting a machine so well known, 
and which rt*quire8 practical attention even more than mt>$t others. It may, there* 
fore, be sufficient to describe shortly some of its varieties, the most simple and common 
of which is the rib stocking-frame. 

Jilfi AtinkirHj-framf. — 'Flus frame, which, next to the common frame, is most cx- 
tcns'i\cl_\ in n"*'. is empl-’\«'d for working thoce striped or ribbed stockings, which are 
viT) conunon in ail the oill- rent luatmalH of winch hosiery is formed. In principle 
it d'H's not ditfer from tl.e common frame, and not grcatlv in construction. The pre- 
ceding gemr.il di 'ci q'tion will m-aily apply to this machine with equal propriety as 
to the lornuT ; that part, however, by which the ribs or stripes are formed, is 
entirely an addition, and to tlic application of this additional machinery it may be 
proper to pay the chief attention, refeiring chiefly to 071. which is a front 
elevation. This figure has been already referred to for the illustration of those 
parts of the machinery which are common to both, and those parts therefore require 
no recapitulation. The principle of weaving ribbed hosiery has considerable 
affinity to that of weaving that kind of cloth which is distinguished by the name of 
twtH'hng, for the formation of stripes, with some variation arising merely from the 
different nature of the fabric. In cloth weaving, two different kinds of yam inter- 
secting each other at right angles, are employed ; in hosiery only one is used, la 
the tweeling of cloth, striped as dimity, in ^e cotton or kerseymere, and in the woollen 
manufacture, the stripes are product by reversing these yams. In hosiery, where 
only one kind of yam is used, a similar effect is produced by reversing the loops. 
To effect this reversing of the loops, a second set of needles is placed upon a vertical 
frame, so that the bends of the hooks may be nearly under those of the common 
needles. These needles are cast into tin moulds, pretty similar to the 
former, but more oblique or bevelled towards the point, so as to pre- 
vent o^tructions in working them. They are also screwed to a bar 
of iron, generally lichterthan the other, and secured by means of plates: 
this bar is not fixed, but has a pivot in each end, by means of which 
the bar may have a kind of oscillatory motion on these pivots. Two 
frames of iron support this bar ; that in which it oscillates being nearly 
vertical, but inclined a little towards the other needles. Fig. 975, 
which is a profile elevation, will serve to illustrafe the relative position 
of each bar to the other. The lowex or horizontal frame, the ends only 
of which can be seen in 97 1, under a a. appears in profile in^g. 975. 
where it isTiistinguished by d. The vertical frame at a is attached to 
this by two centre screws, wliich serve as joints for it to move in. On 
the top of this frame is the nb-needle bar at f, in 965 and 975. 
and one needle is represented in^^g. 975 at J". At g is a small presser. 
to shut the barbs of the rib-needles, in the same manner as the large 
one does those of the frame. At h is one of the frame needles, to show 
the relative position of the one set to the other. The whole of the rib- 
bar is upt fitted with needles like the other ; for here needles are only 
placed where ribs or stripes are to be formed, the intervals being filled 
up with blank leads, that is to say, with sockets of the same shape as the others, but 
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wiiboat needlM ; being merely defigoed to Sil the bar nnd presorve the intervals. 
Tiro imall handies depend from the needle bar, hr which the oscilhilory ni'.tmn iip<in 
the upper centres U giren. The ri-itng and sinking motion is commuou aU'd i» ih:i 
machine by chains which are 8118011111 to iron iliders below, and which are wri.ught 
by the hosier’s heel when necessary. The pressure lakes place partly hy ibe ac.i'oi 
of Ibe small presser, and partly hj the motion of the needles in descending A small 
iron slider is placed behind the rih-needles, which rises as they descend, and senes to 
free the loops perfectly from each other. 

In the wearing of ribbed hosiery, the plain and ribbed courses are wrought alter- 
nately. When me plain are dnished, the rib-nei-dles are raissil between the others, 
but no additional stuff is supplied. The rib-needles intersecting tlie plain ones, men ly 
lay hold of the last thread, and by a^in bringing it tbrough tlial which was on the 
rib-needle before, gire it an additional looping, which reicrscs the line of chain- 
ing. and raises the rib abore the plain interrals, which hare only receired a single 
knitting. 

UO'T-FLUE is the name given in England to an apartment healed by iforee or 
steam pipes, in which padded and printed calicoes are dried bard. Fif. 976 repre- 

976 ' 



sonts the simplest form of such a flue, heated by the vertical ronnd iron stove'e, from 
whose top a wide square pipe proceeds upwards in a slightly inclined direction, which 
receives the current of air heated by the body and capital of the stove. In this wide 
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channel there are pulleys, c^nU *>r bands Tshich suspend by hooks and conduct 
the Mrib of calico from the entrance at «, where the operative sits, to near the point 
A. and hack again. This circmi may K* repealed once or oftener till the goods are 
|vrficti> dried. At D the dnriug pulley connected with the main shaft is shown. 
Near ilie feet of the ojH.rati\e is the cantlrvy or retd upon which the moist goods are 
roiUd in an iiullcss web ; so that their circulation in the hot-air channel can be con- 
l.nued wuli<»iit interruption, as hmg aa may be necessary. 

In]. U77 IS ii cr«»ss section of the apparatus of the regular hot-flue, as it is mounted 
in tin- most scientific calico works of 


iluise of James Thomson, Ksq., 
of rnmrose, near t'lilheroe, Lanca.Oiire. 
o ii u a is an arched apartment, n« ari v .to 
>ards long, by 13 feet high, and lo h ti 
wide. Through abinit one hah « f this 
gallery there is a Iioruoutai sup- 

p.»rte«l on aiches, aho\e whuh i.^ihe uiusl 
.‘‘pace, throuirh ■whtob tlu g* .ir,- huaily 
pass' ii 1 m f-re lliry c'" ape lr<un the IkjI- 
flue, after they have K-en previously ex- 
pn.'tt'd to the hot hut somewhat mnis»t air 
of the lower compartment. A largo 
S'pure flue covered "with cast-iron plates 
runs along the whole bottom of the gaU 
lery. ft is divided into (wo long parallel 
v.'iults, whose Si'ctioni are seen at «. u.,tig. 
orr, covered with the c/ist-iron plates rt\ 
grooved at their ends into one another. ^ 



Tile thK'km•s.^ of lle se plat« s is incn.isrd 


pri»grevsj\ 1 1\ ns tli« \ come in arer to the 


finpl.iee or turnnc". 'TluTe .ir.* daiuju-rs which reirnlate the dnmght. and of course 
the fuat of ihe.sfioc. h h ar.- ihi- :ur*} assn>;es or vent holes, left in the side walls, 
and wluch by means of a long iion rod, inounte<l with iron plates, may be opened or 
closed together to any degree. ^ k arc the cast-iron supports of tlie tinned brass rollers 
which guide the gootls along, and which are fixed to the cro«s pieces represented by 
r r^jig. 977. 1 1 are iron bars for supporting (he ventilators or fans (see FoCNi)»rand 

Ventilation). Tluse fans are here enclosed within a wire grating. They make 
about do<) turns per minute, and expel the moist air with perfect eflect. a indicates the 


position of the windows, which extend throughout the length of the building, tis a 
gas-light jet, placed at the side of each window to supply illumiuatioD for night work. 

The piece is stretched along the whole extent of the gallery, and runs through it in 
the course of one minute and a half; being exposed during ite passage to the heat of 
'2\'l^ Fahr. 


In Jig. 978, a is the iron door of entrance to the hot-flue gallery ; at ^ is the pad- 
ding machine, where the 
goods are imbued with 
the ^meral mordant. The 
speed of this machine 
may be varied by means 
of the two conical dniin.s 
c c, which drive it ; since, 
when the band c c is 
brought by its folks, and 
adjusting screws, nearer 
to the narrow end of the 
lower drum, the cylin- 
der npon the same shaft 
with the latter is driven 
quicker; an^ vice verna. 

Over D n the cords are 
shown for drawing the 
drum mechanism into gear with the main shaft band, f, P, e ; or for throwing it out of 
gear. The pulleys f p carry the bands which transmit the motion to the padding 
machine. A cylindrical drum exterior to the hot-flue, covered with flannel.-serve8 to 
receive the end of the series of pieces, and to draw them through the apartment. 
This mode of drying the padded calicties requires for each piece of 28 yards three 
pounds of coals for the furnace when a fan is employed, and four pounds without 
it. See Calico Pbixting, 
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ilUNGARY WATER. Supposed to b« named after a qawn of Hunparv. «ho 
used it as a eosmetie : it is preiMired hjr distilling rmeroary. 5iee Kaf i>i. C»>lousi_ 
HYACINTH. The name under which arc iocludid the transparent, linsht- 
colourrd varieties of aircon. Hjai inth diiri-rs from jsrgoon rocrelj in colour. »li c!i 
is orange-red passing into popp) -red. Though not much worn at the pres.-nt i.w it 
is a valuable gem, and makes a verj supe-rb ring-stone when of a bright tint and in.-c 
from flawa The larger pieces are sometimes made into seals. Hyacinths ta cur in 
the sand and alluvial d -posits of cenain rivers in Ceylon, also in the state of sand, 
mingled with various other substances, in the bed of a stream at Eipailly ( Haute Ia>ir. 1 
in France, as well as in basalt near the same place,, it is also found in volcanic tutT 
in Auvergne, in Bohem'i^ Saxony, the Tyrol, Transylvania. (Jreenland, in the sircoii- 
sycnite of Fredericks- vsm in Norway, and in the iron mints of .\rendal; also at 
hlia.sk in the Urals, Vesuvius, at Santa Rosa in New Grenada, at Scalpay in llarri*. 
Scotland, Egypt, the East Indies and elsewhere. The hyacinth-red vaneiies of zircon 
are sold by the inhabitants of Ceylon as inferior rubies.— iL W. R. 

HVDR.^TES arc compounds of the oxides, salts, tte., with water io definite or 
equivalent proportions- Thus slaked lime consists of one atom of quick-time — gg, 
_ + one atom of water = 9, of which the sum is .97 on the hydrogen scale. “ The vt ry 
Uifferent functions performed by water in the various modes of combination it .uth i u 
render it neceasary to adopt a definite principle of nomenclature in thi.s respect. , . . 
I shall employ the word hyHrale only where the water is comlmietl «ith a t a-e. siu li 
as a metallic oxide, thus, hydrate of lime, hydrate of potash, hydrated oxi.le of leatL " 
— Kane. 

HYDRAULIC CEMENTS. Sec MonTvn. 

HYDRAULIC CRANE.S. The application of water-pressure (o cranes is due to 
Sir Wm. Armstrong. These are now so generally applied, that although the subjeei 
belongs pro[)erly to engineering, it is thought advisable to iiicimlo some notice of these 
valuable and interesting machines in this work. A statement made, by the ri jii. st 
of the British Association in 1S.)4, hy the inventor himself, so completely explains all 
the pecnliarities of these cranes, that the paper is reproduced from the proceedings of 
the Association. " 

“ The employ meut of water-pressure us a mechanical agent having recently under- 
gone a great and rapid development, I may be permitted to make a few cdiseri .Hums 
on the successive steps by which its present importance li.as Iteen attained. In so 
doing I shall commence with the year 1846, in which, after many prelimmarv ex- 
periments, I succeeded in establishing, upon the public quay at WewcaslIe-uiKin- 
Tync, the hydraulic crane which has formed the basis of what has since been effectisL 

“ This crane both lifted the weight and swang round in cither direction by the 
pressure of water, and was characterised, like all other hy draulic cranes since made, 
hy remarkable precision and softness of movement, combined with great rapidity of 
action. •' 

“ The experiment thus made at Newcastle bavin, g proved satisfactory. I so..n .after- 
wards obtained authority, through the intervention of .Mr. Hartley, the Doek Sur- 
veyor of Liverpool, to construct scver.al cranes .and hoists upon the's.ame principle at 
the Albert Dock in that town, where they were accordingly- erected, and have ever 
since continued in operation. 

“ The next place at which these cranes were adopted was Grimsby New Dock, where 
an important step in the advancement of this kind of maeliinery was made on the 
suggestion of Mr. Rendel, who pointed out its applicability to the opening and closing 
of dock gates and sluices, and instructed me to extend its application to those obji^cts. 
An extensive system of water-pressure machinery was accordingly carrieil out at 
that dock, and the result afforded the first practical demonstration that the pressure 
of a column of water could be advantageously applied as a substitute for manual 
labour, not merely for the cranage of go^s, but also to give safe and rapid effect to 
those mechanical operations which are necessary for passing ships tlmmgh the 
entrances of docks. 

"In all these instances the moving column of w*ater was about 200 feet in elevation. 
At Newcastle and Liverpool the supply was derived from the pipes communicating 
wuh the town reservoirs, but at Grimsby a tower was built f»r supporting a t.ank into 
which water was pumped by a steam-engine. In the former cases, the fluctuation of 
pressure, eonseqaent upon the variable draught from the pipes for the ordinary 
pulses of ^nsnraption, proved a serious disadvantage; but this objection had no 
e.vistcDce at Grimsby, where the bank iipm the tower furnished a separate source of 
power, undisturbed by any interfering conditions. Nothing could be more effectual 
tor Its purpose than this tower ; but, in the natural course of improvement. I was 
subsequently led to the adoption of another form of artificial head, which possessed 
the advantage of being applicable, at a comparatively small cost, in all situations, and 
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of les&cning the size of the pipts and hydraulic machinery, by affording a pressure of 
greatly inervased intciiMiy. 

“ The apparatus substituted fora ^atcr tower I named “ the Accumulator*' frr m 
the circumstance (»f its accumulating the power exerted by the engine in charging it. 
The accumulator is, in fact, a n*servoir giving pressure by AW instead of by fUTaUont 
ani Its use. like lliat of every provision of this kind, is to equalise the strain upon 
the engine lu cum s where the quantity of power to be supplied is subject lo great and 
siid<h*n fluctuations. 

•• 'i’iie e •Dstruction of the accumulator is exhibited in Jig. 979, and needs but 
1 tth* eTplanaiion. A, cylinder, B, 979 

plunger; v c, loadt'd weight case; 
i>. i>. guides for ditto ; K. pipe from 
pumping engine ; F. pipe to hidrau- 
lie machine. It cnn‘‘ist-s of a lare** 
c.ist iron cxlinder, filti-d w.th a ] lun- 
g< r. from whicli a lun'Ud ‘/li; c.im* 

IS <usj,, nd- -1. to ijivo pr^ ‘*’*urc to the 
w.;t- r juv 1 l« d by tlu tnpu.e 'fhe 
l'*ad nj'O ! the jilunger is usually such 
jLs to pn^luce a j>re>Mire m the cy- 
linder »quul to a column of 15o0 feet 
ill vieviition, and (be ap[>aratu.s is 
made siifficicntiy capacious to contain 
tfio largest quantity of wafer which 
c in he drawn from it at once by the 
s mult.iiu'oiis action of all the hy- 
draniu* machiMH with winch it is 
rotini«'t. d. WlicTic'cr the engine 
pnnij's itv re w at' r into tUt aicinmi- 
l.ilor ih.m diMct to ih*- hy- 

<lr,in!i< m.'u'liiiic.s. the lo.)d<<l j bi));:«r 
risis and makes ro«nn in the cylinder 
for the surplus; but when, on (ho 
other hand, the supply from the en- 
gine is less, for the moment, th.in the 
quantity requin'd, the plunder, with 
its load, dtstvnds ami makes up the 
delicuncy out of store. 

“The accumulator also serves as 
a regulator to the engine; for when 
the loaded plunger rises to a certain 
height, it begins to close a throttle- 
valve in the steam-pipe, so as gra- 
dually to reduce the spe^ of the en- • 
gine until the descent of the plunger n 
again calls for an increased produc- 
tion of power. 

“ The introduction of the accumulator, which took place in the year ISnl, gave 
a great impulse lo the extension of water-pressure machinery, which is now either 
already applied, or in course of Kong applied, to the purpose of cranage throughout 
all the great dock establishments in London, as also to a considerable extent in 
Liverpool and other places. I have also applied it extensively to railway purposes, 
chiefly under (he direefion of Mr. Hrunel, who has found a multitude of cases, 
involving lifting or tractive )iower, in which it may bo made available. M«5t of 
these applications are well exemplified at the new station of the Great Western 
Uailway Company in I.«ondon,* where the loading and unloading of trucks, the 
hou<iting into warehouses, the lifting of loaded trucks from one level to another, the 
moving ofTnrn-tables, and the hauling of trucks and traversing machines are all 
performed, or about to be so. by means of hydraulic pressure supplied by one central 
steam-engine with connected accumulators. Mr. Rendel also, after having successfully 
adopted flie low-pressure system to the working of the gates and shuttles at Grimsby, 
has since applied the high-pressure, or accum*ulator system, to the same purposes at 
other new docks, and a similar adaptation is being made by other eminent-engineers 
at most of the new docks now in course of construction. 

“ I also adapted hydraulic machinery to the opening and closing of swing- 
bridges and draw-bridges of large dimensions; and, in fact, there is scarcely any 
mechanical operation to which human labour has been hitherto applied as a mere 
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Tooriag power, wlMcb may aot be efficiently performed by mean* of waier-pti^ure 
emanating from a ateam-enKine ami accurouUior. Kren if hand'labimr be n 
as the source of the power, the loiervention «>f an accumulilor well tn mat } caM-« 
both economise labour and incrcas*' despatch. For eaampU’. a pair of h»ar» 
gates requires the constant attendance of a consulerablc number of men, w h»»M* iat>our 
w only called into action occa«ion3!l\,%iz. when the gates are being opem-d «>r il -wtl. 
Now, if an accumnlator. charged by iiand*pump«, were u»i*d, the UUtur f rn|! 
would be constant, instead of tKcasional, and the jw^wer colUvte<l in the accunmUt-T 
by the continuoos process of pumping would be given out in a concentrated form, and 
thus the ultimate result would be fffi*cted with fewer hands and greater despatch ihjn 
where manual labour is directly applied. 

••The form of pumping^engine which 1 generally use for charging the bccutuu- 
lator is represented in Jitf. 980. It coDsUts of a burixontal stcam-c) Under, w tih two 
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the cranes is generally brought back by a return-pipe, so that the water is not wasted, 
but remains continuously in use. 

•‘With a pressure representing a column of l">00feet, the loss of bead by friction in 
the pipes forms so small a d' duetion from the entire column as to b- a matter of no 
con‘'ifleration, and consequently the di^-mure at wlneh {he encTin'’ mn\ b** <.ltmtcd 
from the points where the hydraulic niachin- s m.^y be placed is f)f iMporr ince, 
except as regards the cost of the pipe. It is advisable. howev» r, it’ tie- pq-e be very 
long, to apply an accumulator at each extremity, so as to charge the pipe from Ixuh 
ends. 

With regard to the mechanism of hydra dic cranes, the arrangement w hich I first 
adopted, and have ever since adhered to, consists of one or more hydraulic presses, 
with a set of sheaves, used in the inverted order of blocks and pulleys, for the purjxisc 
of obtaining an extended motion in the chain from a comparatively short stroke of 
the piston. This construction, which characterises nearly all the varieties of the 
hoisting and hauling machines to which I have applied hydranlic pi^sure is ev- 
liibifed m /iff, 9vSl, which represents one of the.se presses with sheaves attached, to 
multiply the motion fourfold. In cases where the resistance to he overcome vanes 
very' considerably, I generally employ three such cylinders, with rams or pistons 
acting eith'T .separately or conjointly upon the^samu set of multiplying sheaves, 
according to the amount of power rerpiired. 

“ In hydraulic cranes the power is applied, not only for lifting the load, but also for 
swinging the jib, which latter object is effected by means of a rack or chain operating 
on the base of the movaVde part of the crane, and connected oitlur with a cylinvler 
and piston having alteniate motion, bke that of a steam-engine, or with two presses 
appl ed to produce the same effect by alternate action. 

** The absence of any sensible elasticity in water renders the motions resulting from 
its pressure capable o|the most perfect control, by means of the valves which regulate 
the inlet an I outlet passages of the machines; but this very property, wbiWi gives 
so mach certainty of action, tends to cause shocks and strains to the machinery, by 
resisting the momintum acquired by the moving parts. Take, for example, the c&se 
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of an h^rdrauUc crane, swinpinp round '»uh a load sufj>euded on the jib, the motion 

being produced by the water euteriug on ouc 6ide of a piston auid eseapmg from the 
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other, Vndcr fcuch circumstances if the watcr^passapes he suddenly closed bv the 
regulating valve, it is nhsious that ih<* piNton. im|>elled forward by the momentum ot 
the h'nde'l jih, hut nu t by »n un\ielding NkIv of uater deprived of outlet, would be 
brought to revt so abni|'tl\ . as to c ius<*. in all i‘iohabilil\ , the breakage of tiie machine. 
So atM>, in Inwrime a l»<a\\ wnght •wiili i onsiderahle velocity, if the escape -passage 
be ttm sudd* nil <’lusMi. u siuoiar risk of iujuiy Mould ansi.* from the ahrujd stoppage 
of the Miiulit. li a unu*l\ wtie not )iti\uled; but these liabilities are effecltiallv 
remoietl h) applunc, m ouitui'tam v.th the uatcr-p.issages to the cylinder, a small 
clack-valve, o|Knuig upwards against lh(‘ pressure into the supply-pipe, so as to 
|H'nnil the |K*nl up water in the cyhiuler to be pressed back into the fdpe whenever it 
incomes cx|x>sid to a coinpr<>si\e fioce exceeding the pressure on the accumulator, 
lly this moans all jerks and cNUicuvslenK are avoided, and a perfect control over the 
movement of the inathiiie i- combined with great sottness of action. 

‘•With regard to the kind of vahes used for water-pressure machines,! find that 
cither liM'Vahes or slide-valves may be effectually applied, and kept tight under 
heavy pressures, provided that sand be excluded from the water, and the valves be 
made of proper raatenal 

In cases where a more prolonged movement is required than multiplying sheaves 
will conveniently afford, I employ rotative machines of various coostructiems- For 
heavv -pressures, such as an accumulator affords, an arrangement consisting of three 
plungers, connected with a triple crank, and bearing a general resemblance to a three* 
throw plunger pump, is well adapted for the purpose. The admission and exhaust 
valves are mitr^ spindles, pressed down hy weighis and levers, and lifted in proper 
rotation by rams fixed for that purpose upon a siparate shaft ; and these valve-^ are 
associated with relief-clicks, to obviate the coucussiou which would otherwise be liable 
to take place at the turn of each stroke. 

“ The liability of water-pressure machiiuTy to be deranged by frost has often been 
adduced a.s an ol>jection to its use ; and upon thi*- point I may observe — first, that I 
have never exptrienci-d :in\ inti rteren>-e fiom th s cause when the inochines were 
placed, as they gem nilly are, iK-neath the surface of the ground, or within a building; 
and secondly, tliat when they arc unavoidably cxjxised, all risk may be prevented by 
letting out the water in frosty weather whenever the machines cease working. 

When the moving power consist^ of a natural column of water, the pressure rarely 
exceeds 250 -“^OO feet, and in such cases I have employed f<w rotetive action a pair 
of cylinders and pistons, with slide-valves, resembling in some degree those of a high- 
pressure eneioe, but having relief-valves, to prevent shock at the turn of the stiuko. 
Fiy. 982 shows a slide-valve adapted for the turning apparatus of a crane, hut 
the relief-clacks of which are equally applicabje to a water-pressure engine of the 
construction in question. Two of these clacks open against the pressure in the supply- 
pipe, 80 as to afford an escape for the water, which would otherwise K' shut up in the 
cylinder when the exhaust port closes, and the other two communicate with the 
discb3rg*e-pipe. so as to draw in a portion of waste water to fill up the small vacancy 
which would otherwise he left in the cylinder on the closing of the admission port, 
A, supply pi|»e ; B, exhaust pipe ; c c, pq>es to cylinder ; n d, clacks opening against 
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premre ; B v, eUckt from ^xhaost About foar rear* ajro I mn^tniru-^l 

foar bydraalie engines upon tUii principle at Mr. Ik*aun]ir>m's lead mmm id Nniih im- 

heriand, al the instance of Mr. Sopwuh, Mr. IWao- 
mont’* well-known ajreot, and two mor»- ha'** re- 
cently lK‘en afldfd at tbc same pbre. They an* 
M%c*l for crushing ore, for hoisting mat* r»ai' fron 
the mineii, for pmnping water, and for dneinc a 
circular saw and other machinery. See Wati r- 
meast’RE Maciiisv-nr. appUni to mimr*. 

*• If in prognss of time railways should h*' g* - 
nerally extended into mouniainou* district*, mi .s 
to render them accessible f*>r mannfacturmc f»ur 
posea, die rapid streams which abound in such hn' il- 
tttra will probabljr become uaiaable armre*** of mo'i \ o 
power, and a widW field may then be afforded for t he 
application of water-preasura engines conatoraJ falN. 

** The object, bower er, which 1 baee chiefiy had 
in view since I first gave attention to this acbject, 
has been to provide, in substitution nf manual l.-i- 
hour, a raethixl of working a multiplicity of im- 
chines, intermittent in their action, .and exo ndmg 
over a largo are.i, bv nnansof trann'intf'd j»<>»w»r 
prrxliiced by a steani-cngmc and acrumu!at«d al 
one central pnint. The i nminon nuwle of romniu- 
. nicating power by shafting couM only h«* applitd m c.vk’* where the machines were 
collected within a small compass, and where the accumulatn-n of pfiwer mcc^viry 
to meet varying resistance did not exceed that which a fiy-wlu*el w«hiM affoni. 
Compressed or exhausted air was almost equally inapplicable to the purpf>M*<i I con- 
templated, in consequence of the many objections which its elairticity involve*, .as 
well as the liability to leakage, which, in an extended system of pipes and m3chin« •. 
requiring a multitude of joints, valves, and fitting surfaces, wouhl form an insurmoiint 
able difficnlty. Ilut the u.se of water as a medium <if transmi‘-sion is frt'i' fmm all 
these otyections, and its fitness for the purpose intcndjxl in now thoroughly t stahli.shed 
by the rraolts which have been obtatned." 

HYDRAULIC MACHINERY for mines. See Water and WATER-naEssmE 
Engines, Turbine. 

HYDRAULIC PRESS. See Water pressure Machinery. 

HYDRXODIC ACID (Acide fftfdriodique. Fr. ; Hydriodsaure, Germ.) is an acid 
formed by the combination of 127 parts of io<line with 1 part of hydrogen by weight, 
and by measure equal volumes of iodine vapour and hydrogen combined without con- 
densation. It is obtained pure and in the gaseous state by introducing into a glass tulH\ 
closed at one end, a little iodme, then a small quantity of roughly-powdered glass 
moistened with water, upon this a few small fragnient.s of phosphoni.s, and lastly more 
glass ; this order, iodine, glass, phosphorus, glass, is repeated until the tube is two-thirds 
filled. A cork and narrow bent tube are then fitted and gentle heat applied, wh^ n the 
hydriodic acid is liberated, and may be collected in dry bottles by the di'iplaccment of 
air. Another process is to place in a small retort 10 parts of iodide of p«^rasNmni with 
5 of water, add 20 parts of iodine, then drop in cautiously I part of phosphonis cut 
into small pieces, and apply a gentle heat; hydriodic acid will l)e formed abundantly, 
and may be collected as before stated. The following equation expresses the reaction : 
2KI + 51 -f P + 8HO yield 2KO,HO.PO + 7HL 

Hydriodic acid greatly resembles hydrochloric acid ? it is colourless, and highly acid, 
it fumes in the air, and is very soluble in water. Its density is 4*4, and under strong 
pressure condenses to a yellowish liquid, which solidifies at 60 ^ Fahr. 

Hydriodic acid in solution is much more easilr prepared, by suspending iodine in 
water, and passing a stream of washed hydrosulphuric acid through it ujitil (he colour 
disappears; it is then heated to expel the hydrosulphuric acid, then allowed to rest, 
■when it may be decanted from the precipitate of sulphur. The reaction consists 
simply in the displacement of the sulphur by the iodine, HlS -f I = HI + S. 

This bqnid may be evaporated until it acquires a density of T7, when it consists of 
Hl-f UHO. It then distils at 262® Fahr. without decomposition. The solution 
cannot be long kept, it being decomposed by the oxygen of the air with the liberation 
of iodine, which imparts a dark colour to it. Chlorine decomposes it instantly, with 
liberation of the iodine. • 

The solution of hydriodic acid and of the iodides possess the power of dissolving a 
considerable quantity of iodine, forming a dark solution. — H. K. B, 
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HYDROBROMIC ACID. HRr. See Rromihb. 

HVDftO'CARBOX. Sec Cabocrettkd HvDitOGEir 

HYDKOl'ULDKU' ACID. {ChIork^iqitr,Tr.: ScUzsaure, Grerm,') A compound 
of chlonnc and hydropen which is t colourless gas of a peculiar suffocating, puupeot 
odour . It reddens vepx’tablc blues, but possesses no bleaching properties, 'I'he solution 
of hydrochloric acid m water is the muriatic acid and spirit of salt of commerce ; 
ancuniiy Mannt Acid. 2 Tolumcs of chlorine and 2 volumes of hydrogen combine 
to form 4 volumes of this acid. UCl; eq. 36*5. It is best prepared by beating a 
niivfure of 6 parts of chloride of sodium (common salt) and 10 parts of concentrated 
sulphuric acid pretiously diluted with 4 parts of water, m a capacious glass retort, con- 
nected with a set of Woolfe s bottles. This acid is extracted on a largescaie from sea- 
salt, by the action of sulphuric acid and a moderate heat ; but u was originally obtained 
from tile salt by exposing a mixture of u and of common clay to ignition in an earthen 
retort. The acid gas which exhales is rapidly condensed by water. lOOcubic incb^ 
of water arc capable of absorbing no Kss than 48,000 cubic inches of the acid gas, 
whereby the liquid acquires a spec>fic gravity of 1 2109 : and a volume of 142 cubic 
inches. This vast cundensaiion is accompanied with a great production of heat ; 
whence It beconus ncces«ary lo apply artificial refrigeration, especially if so stron^^ 
acid as the above is to be prepar^. In general, the muriatic acid of commerce has 
a Bp«*cific gravity varying from I 15 to 1'20, and contains, for the most part, 
considerably leu than 40 parts by weight of acid gas in the hundred. The above 
stronger acid contains 42 *68 per cent by weight ; for since a culMe inch of water, 
which weighs 252 5 grains, has absorbed 480 cubic inches«=188 graini of gas; and 
852*5 4- 188 « 440*5 ; then 440*5 : I88::100 : 42*68. In general a very good approxi- 
mation may be found to the percentage of real muriatic acid, in any liquid umple. by 
multiplying the decimal figures of the specific gravity by 200. Thus, for example, at 
l ‘If«2 we shall have by this rule 0 ' 20(»=:.‘12 4, for the quantity of gas in 100 

part* of the iiquul. Muriatic acid gas consists of chlorine and hydrogen combined, 
without cnnd*Misati<‘n. m iqual volumes. Its specific gravity is 1*247, air a* 1*000. 

By sealing up muriate of ammonia and sulpliuric acid, apart, in a strong glass tube 
re-curved, and then causing them to acton each other, Sir H. Davy prwured liquid 
munatic scid. He justly observes, that the generation of elastic substances in close 
vesstds, cither with or without heat, offers much more powerful means of approximating 
their molecules than those dependent on the application of cold, whether natural or 
artificial ; fbr as gases diminished only in volume for every degree of Fahrenheit's 
scale, beginning at ordinary temperatures, a very slight condensation only can be 
produced by the most powerful freezing mixtures, not half so much as would r»ult 
from the application of a strong ffame Co one part of a glass tube, the other part being 
of ordinary temperature : and when attempts are made to condense gases into liqoMs 
by sodden mechanical compression, the beat instantly generated presents a fomidable 
obstacle to the success of the experiment ; whereas, in the compression resulting from 
their slow generation in cloee vessels, if the process be conducted with common-pre- 
eautioos, there is no source of difficulty or danger ; and it may be easily assisted by 
artificial cold, in cases where gases approach near to that point of compression and 
temperatnre at which they become yBponTS.~^Phil Trans. 1823. 

The mnriatic acid commerce has usually a yellowish tinge, but when chemically 
pure it is coloorless- It fumes strongly in the air, emitting a corrosive vapour of a 
peculiar smell. The characteristic test of muriatic acid m the roost dilute state, is 
nitrate of silver, which causes a curdy precipitate of chloride of silver. 

The preparation of this acid upon the great scale is frequently effected in this 
country by acting upon sea-salt in hemispherical iron pots, or in cast-iron cylinders, 
with concentrated sulphuric acid ; taking 6 parts of the salt to 5 of the acid. The 
mouth of the pot may be covered with a slab of siliceous freestone, perforated with 
two holes of about two inches in diameter each, into the one of wbieh the acid is 
poured by a funnel in successive portions, and into the other, 8 bent glass, or stone- 
ware tube, is fixed, for conducting^he disengaged muriatic gas into a series of large 
globes of brttle glass, one-third filled with water, and laid on a sloping sand-bed. A 
week is commonly employed for working off each pot ; no heat being applied to it till 
the second day. 

The decomposiUon of sea-salt by sulphuric acid was at one time carried on by 
tome French manufacturers in large leaden pans, 10 feet long, 5 feet broad, and a foot 
deep, covered with sheets of leads, and luted. The disengaged acid gas was made to 
circulate in a conduit of glazed bricks, nearly 650 yai^s long, where it was condensed 
by a sheet of water exceedingly thin, which flowed slowly in the opposite direction of 
the gas^owD a slope of 1 in 200. At the end of this canal nearest the apparatus, the 
muriatic acid was as strong as possible, and pretty pure ; but towards the other end, 
the water was hardly acidulous. The condensing part of this apparatus was therefore 
Yoh. II. I I 
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tolerably ccanplete; bot at tbe decomposition of the lalt couM not be finiHh«d in the 
pans* toe acid mixture had to he drawn out of them, m order to N- c«itnplett iy 
deeoispoaed io a reTerberatory furnace; to this way nearly 50 (>er cint of Uic 
moriatic acid was lost And l>e8ides, the great qiuntity of g^s given <>!! during the 
empCyiog of the lead 'Chambers was apt to suffocate the workmen, or »ern»u.«!y injured 
their longs, causing terere hemoptysis. The eniplo> ment of muriatic acid is so 
inconsiderable, and the loss of it incurred in the prect^mg process is of lut itttle 
cooseqoence, that tuhaequently, both in France and m Fngland. sulphate a( s<xl.i, for 
the soda manufactnfe, hu been procured with tbe dissipation of the muriatic acid m 
the air. In the method more btely resorted to, tbe gaseous pnxiucts are ditchar^t'd 
into extensive vaults, whefe currents of water condense them and carry them off into 
the river. The surrounding vegetatkm is thereby saved in some measure from U ing 
burned up, an accident which was prevtonsiy sure to happen when fogs precipitated 
tbe doating gases upon tbe ground. At Keweastle, Liverpo*d, and Marsedies. where 
the consumption of muriatic acid bears no proportion to the manufacture of soda, 
this process is now practised upon a vast scale. 

The apparatus for condensing moriatic acid gas has been modified and changed, of 
lil^ears, in many different wajs. 

lie Bastrmgme apparatus. At the end of a reverberatory furnace, rectangular lead 
trooghor pan, about 1 foot deep, of a width equal to that of the interior of the runia* e. 
that is, about 5 feet wide, and 6^ feet long, is encased in nKwinry, mg iis n(>;>c r 
edges covered wit^ cast-iron plates or fire tiles, and pbeed npon a l<'v<l ^Tlth the 
passage of the^flame. as it escapes from the reverberatory. I’li. arcli whn )i «'«-\er9 
that pan forms a continuation of tbe roof of the reverberator}, nml is of the Mine 
hcighL 7’he flame which proceeds from the furnace containing fh«- mixture of viJt 
and sulphuric acid is made to escape between the vault and th» surface of the iron 
plates or fire tiles, through a passage only 4 inches in height. When the humed air 
and vapours reach the extremity of the pan, they arc reflected downward^, .and 
made to return beneath the bottom of the pan, in a flue, which is aflerwards divid«-<i 
so as to lead the smoke into two lateral flues, which terminate in the chimney. The 
pan is thus surrounded as it were with the heat and flame discharged from the 
reverberatoi^ furnace. A dcM)r is opem»d near tlie end ofinho p.in, for intro«bicing 
the charge of sea-salt, amounting to 12 bags of 2 cwt. each, or 2 1 c\\ t. 1'hiN dmvr i!» 
then luted on as tightly as possible, and for every lUO parts of salt, I lo oi sulphuric 
acid are poured in, of specific gravity 1-594. containing 57 per cent, of dry acid. 
This acid is introduced through a funoel inserted in the roof of the fumscc. J >m- 
position ensues, muriatic acid gas mingled with steam is disengaged, and is conducted 
thr^iugh 4 stone- ware tubes into the refrigerators, where it is finally condensed. These 
refrigerators consist of large stone-ware carboys, called dumc-jeannes in France, to the 
number of 7 or 8 for each pipe, and arrangefl so that the neck of the one communi- 
cates with the body of the other ; thus the gas must traverse the whole series, and gets 
in a goo<l measure condensed by the water in them, before reaching the last, 

^\hen the operation is finished, tbe door opposite the pan is opened, and the 
residuum in it is discharged, in the form of a fluid magma, upon a s<juare bed of 
bricks, exterior to the furnace. This paste speedily concretes on coohng, and is then 
broken into fra^ents and carried to the soda manufactory. The imnien'ie quantity 
€i gas exhaled in discharging the pan, renders this part of the operation very painful 




483 


IIYDUOCHI^ORIC ACID. 


9S4 


impossibility of completinfr the decomposition of the salt, since the residuum most be 
run off in a liquid state, finally, the damage sustained by the melting and corrosion of 
the lead, &c., are among the causes why no more than 80 or 90 parts of muriatic acid 
at I *170 are collectefi. e«iuivalent to 25 per cent, of real acid for every 100 of salt em* 
plo t (Hi, instead of niueh monf than double that quantity, which it may l>e made to 
} icld by a well condiicttHi chemical process. 

7'hc vt.fititier upfHirafiu is now much esteemed by many manufacturers. Ftp. 983 
Tk prc'ient-'-. in transverse section, a bench of iron cylinder retorts, as built up in a proper 
furnace f<kr producing muri* 
atic ncid ; and Jip. 9S4 a longi- 
tudinal section of one retort 
with one of its carboys of con- 
densation. a is the grate ; 5, 
a fireplace, in which two iron 
cjiifuiers. e r. are sot along- 
side of each o(h*T. 7'hcv are 
feet long. 20 im his in dia- 
meter. alx-»ut I of an inch 
thick, and take 1 6 cwt of 
salt for a chargx' ; d is the ash- 
pit ; c f are cast-iron lids for 
closing both ends of the cylin- 
ders ; yis a tube in the pos- 
terior lid, for pouring in the 
sulphuric acid ; g is another 
lube, in the anterior lid, for 
the insertion of the bent pipe 
of bard glared stoneware h ; 

i is a three-neeked stone-ware carboy ; A is a tube of safety ; /, a tube of communi- 
cation with the second carboy- ; m m m »t are the fines leading to the chimney n. 



After the salt has bec^ntroduced, and the fire kindled, 83| per cent of its weight 
of sulphuric acid, of sp. gr. r8t), should be slowly poured into the cy linder through 
a lead funnel, with a siphon-formed pipe. The three-necked carboys may be either 
placed in a series for each retort, like a range of Woulfe’s bottles, or all the carboys o£ 
the front range may be placed in communication with one another, while the last car- 
boy at one end is joined to the first of the second range ; and thus in successitm. They 
must be half filled with cold water ; and when convenient, those of the front row at 
least, should be plunged in an oblong trough of running water. The acid which con- 
denses in the carboys of that row is apt to be somewhat contaminated with sulphuric 
acid, muriate of iron, or even sulphate of soda ; but that in the second and third will be 
found to be pure. In this war 100 parts of sea-salt will yield' 130 parts of muriatic 
acid, of sp. gr. 1*19 ; while the sulphate of soda in the retort will afiSsrd from 208 
to 210 of that salt in crystals. 

It is proper to beat all the parts of the cylinders equally, to insure the simultaneous 
decomposition of the salt, and to protect it from the acid ; for the hotter the iron, and 
the stronger the acid, the less erosion ensues. 

Some manufacturers, with the view of saving fuel by the construction of their fur- 
naces, oppose to the flame as many obstacles as they can, and make it perform numerous 
circulations round the cylinders ; but this system is bad, and does not even effect the 
desired economy, because the passages, being narrow, impair the draft, and become 
speedily choked up with the soot, which would be bum^ profitably in a freer space ; the 
decomposition also, being unequally performed, is less perfect, and the cylinders are 
more injured. It is better to make the flame envelope at once the body of Ae cylinder; 
after which it may circulate beneath the vault, in order to give out a portion of its 
caloric before it escapes at the chimney. 

The fire should be briskly kindled, but lowered as soon as the distillation com- 
mences ; aii^ then continued moderate till the evolution of gas diminishes, when it 
must be heated somewhat strongly to finish the decomposition. The iron door is liow 
removed, to extract the sulphate of soda, and to recommence another operation. This 
sulphate ought to be white and uniform, exhibiting in its fracture no undecomposed 
sea-salt. 

Liquid muriatic acid has a very sour corrosive taste, a pungent suffocating smell, Mid 
acts very powerfully upon a vast number of mineral, vegetable, and animal substances. 
It is much employed for making many metallic solutions ; and in combination with 
nitric acid, it forms the aqua regia of the alchemists, so called from its property of dis- 
solving gold. See Sopa Manufacture. 

1X2 


484 HYDROCYANIC ACID. 


7tAU of f/jfrtrochi&rir AriJ, by />r. I Vf. 


Acl4 


Chio. 

MuHalit- 

AcUil 



GraivHf. 

rint. 

Ga*. 

in 1 


100 

1*2000 

39 675 

40777 

66 t 

l-132,s 

99 

1 1982 39 278 

40*369 

65 

1-1.308 

98 

T1964 

.38*882 

39-961 

64 

1-1287 

97 

1-1946 .38-485 

39 554 

63 , 

1-1267 

96 

1 1928,38 089 

39-146 

62 

1 1247 

95 

i‘l9I0 37*692 

.38-738 j 

61 

1 1226 

94 

1-1893 1.37-296 

38-330' 

60 

1-1206 

93 

1 1875 36*900 

•37-923 

59 

1-1185 

92 

M857 

36*5a3 

.37-516 

58 

1 1164 

91 

1-1846 36-107 

.37*108 

57 

l-tl43 

90 

1-1822 .35 707 

36 700 

56_ 

1 1123 

**9 

1-1802 35-310 

36292 

55- 

1-1 102 

88 

1 1783 34 913 

.35*884 

54 

1*10S2 

8? 

1 1762 ,34-517 

35-476 

53 

1-1061 

86 

1-1741 

. 34-121 

35*068 

52 

1-1041 

85 

1*1721 3.3 724 

34 - 66 U 

51 

TI 020 

84 

1-1701 

33-328 

3425-2 

50 

l-IOOD 

83 

T1681 

.32*9.31 

.33*84.3 

49 

1-0980 

62 

i‘ir>6i 

32\5.3.) 

13*4.37 

48 

1-0960 

81 

1-I64I 

32^136 

.33*029 

47 

1 -0939 

80 

1-1620 

,31*746 

32*621 

46 

1-0919 

79 

1-1599 31 34.3 

.32 2 1 3 

45 

1 0899 

78 

1-1578 .30-946 

31 805 

44 

1-0879 

77 

1-1557 

.30’.V)0 '31 :m 

4.3 

T0859 

76 

TI536 .30-153 

30 090 

42 

1 083,S 

75 

1-1515 |39 757 

,30 .082 


1-0818 

74 

1-1494 29 361 

.30-174 

40 

T0798 

73 

1-1473 28-964 

39-767 

39 

1-0778 

72 

1-1452 !28-567 

29-359 

38 

1-0758 

71 

1 1431 

28-171 

28251 , 

37 

1 0738 

70 

1-1410 ’27-772 

-28 544 

,36 ,1-0718 

69 

1-1389 27-376 

28-1,36 

35 

1-0697 

68 

1 J369 26 979j27-728 

34 1-0677 

67 

T1349 ,26-583 j27-3il j 

3.3 

1*0657 


as oil 

li-Tsa as io:. 
15 3»a ae w** 
14 <J9G 35 63I> 
134-599 35-9(‘3 


34 303 

as-sos 

33-408 
13-013 
-13 615 
-13-318 
f4l*S*i2 


S74 
24-4«6 
24 058 
2.1-050 
23 242 
22*834 
22 426 


i 1-4*25 22 019 
•21*028 2 1 *61 1 
20 632 21 ‘203 
2t> 235 20 796 
I '<837 20 388 
l'.> 440 I'.t 3NII 
1 9 044. 1 !» 5 71 
18-(-.47 ,19-165 
18-150,18-75: 
17 854 18 359 ! 


j 17-534 
.17 126 
Ifi 7I8 

lfi -310 

1 5-902 
i 15-494 
115-087 


■4 

15-077 
14 680 

14-284 114-679 1 
17 14-271 
10 1.3-863 
'13094 13456 


Act! 

Sp«riftr 

< Vl.3. 

■VI 

^n;C 0 l 

i.ravH}. 


(.4*. 

32 

1 i^6,37 

12 697 

I 3.U9 

31 

T06I7 

12 300 

12 6 4 1 

30 

ro.>9T 

11 9fi.3 

12 23.3 

29 

i-o:,:: 

1 1 :>o6 

1 1 -2'. 

28 

1-0557 

11 109 

1 1 41- 

27 

1 05.37 

10 712 

11 010 

i 26 

1-0517 

10316 

lo 602 

25 

1-0497 

9919 

1(1-134 

1 

HM77 

9-522 

9T*‘6 

23 

1-0457 

9-125 

9 379 

' 22 

1-0437 

8-729 

9^71 

21 

1-0417 

8-.3.32 

8 56.3 

20 

1-0397 

7935 

8 *,*, 

19 

i-o'i:: 

7 .*,3" 

: n: 

I.S 

i n.'t:,: 

:ui 

: U" 

17 

I on: 

r. : 4 

r-.n2 

16 

I n.lls 

r, 34- 

» *>2 4 

1.*) 

1 

:» 9 i 

0 1 l 6 

14 

Ki-'rc* 

*. 5 '>4 

6-ro9 

13 

T 02.59 

158 

.'»-301 

1 

1-02.39 

4 762 

:» - n 

; 

1-0220 

4-.365 

4 l"*! 


1*0200 

396.8 

4orH 

' 9 

l-OKSO 

3.571 

4*670 

6 

1*0160 

3 174 

3262 

f 

JoMO 

*j'7rs 

J-S.54 

r> 

1*01 JO 

2 .n I 

.3 4i: 

5 

loloo 

1 9^1 

-'0 {-J 

4 

hmj.so 

1 58> 

2*631 . 

3 

1-0060 

1 lUl 

1-224 

2 

1-0040 

0-795 

T8I6 

1 

1-0020 

0-397 

1*408 


H\DR0C\ANIC acid. Syn. Ci/anJryilnc acul, Prfisfic nrul, CNH. Thin 
highly important acid is regarded by all cliemists as being formed on the exact type 
of the ordinary inorganic hydracids, such as the hydrochloric or hrdriodic. The 
compoasd radical analogous to chlorine, which i.s contained in it. has reo ivi d the 
name of cyanogen, and possesses the formula C’N. That this body is precisely 
analogous in its rclatinns to the simple salt radicals is rendered certain by numerous 
facts. It combines directly with metals to form compounds ; it possesses the same 
Tapour volmne, and unites -with hydrogen to form u hydracid, which in its turn 
decomposes the Metallic oxides with formation of water. Thoswe have, with metallic 
oxides and hydfdchloric acid (M standing for a metal), MO -r HCl = MCI -r HO, and 
with hydrocyanic and metallic oxides (Cy standing for cyanogen), MO + HCy = MCy 
■h Ho. Two volumes of chlorine and two of hydrogen j ield four toIutocs of hydro, 
chloric acid gas, and two volumes of cyanogen with two of hydrogen vield four 
volumes of hydrocyanic acid. The density of t)ie vapour of h’vdroojan’ic acid is 
consequently 0 9476, The theoretical number being 0-9342. Its’densitv in the fluid 
state is 0-6967 at a temiierature of 64-4’. It boils at 80 ’ F. at ordinary jn-cssures. 

Hydrocyanic acid is never prepared in the anhydrous slate except as a curiosity 
or for the purpose of scientific investigation. In fact it cannot be long preserved (if 
great strength; a somewhat complex^decomposition invariably taking place in it, 
with production of brown adhesive matters containing cyanide of ammonium, and 
also a .snbstance by some considered to be an acid, and known as the aaulmic. Para- 
cyanogen is probably formed at the same time. The constitution of asulmic acid is by 
no means well known, and even its very existence, as a definite chemical suhsUnce, 
is doubtful,^ It is singular that the presence of a mineral acid greatly retards the 
decomposition of prussic acid, especially if it be dilate; the pharmacopeeian acid conse- 
quently may- be preserved of uniform strength, in well filled und closely stoppered 
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bottles, for almost atijr Kn|rth <»f thn^. The deadly nature of prussic acid unhappily 
catis*s Jt to be only to«» frtquenily reMirtird to by the despairinj; or the murderer. 
Furiuiiaii'ly, boirewr, ju spite of its volauitty, the cbeiiust ]K>s5e5Ses exceUenl means 
for Its detection. 

I'lt jxirtitHm . — 1. Hi initt^acid As prussic acid is largely employed in medicine^ 
but in a \ei-\ tliUite form, it is usual to pri'pare it and dilute until of the proper degree of 
s rvni:th. Tire loilnwmg process for preparing it will Ite ff»und to give a satisfactory 
r» suit. and. lu .n in t r. it may be p»erfomiod on any quantity of materials The apparatus 
for tlo- purjM.v^* w ill \ary with the Mftleon which the exjuTinient is to be made. If on 
a lew ounces, glass retorts and flasks answer well, if gfKxl condensatiou is ensured, by 
lui uns of a Liebig’s condenser well supplied with very cold water. If a large quantity 
f/f prussic acid is to be made, such as «.eser.il gallons, the apparatus should consist of 
.a stoneware still, with head adjnstt'<l by grinding. The head should be capable of 
adjustment wtfh a stoni-ware ,adapfer to a worm of the same material enclosed in a 
tub of water The jioiitv are to b.* lutid with a mixture of one handful of almond 
m> .il . 1 ' d fi\ r li.itidbiU et l.n*.* ed hm al, workctl with water to the consisteBCc of putty. 

'.oiiii <e. nf jough chloride of ca’cium in water is be made and placed in a ia^e 
iron pot, w .lb .i (<iYer So contriied as to permit the siill to drop in up to the flange. 
10 parts of u llow prusRiate of potash are then to be bruised in a mortar and mixed 
w.th dilute sulphuric acid prepariKl by adding f» partsof sulplmric acid (density l‘b50) 
to 42 of w.ifer. The head being luted on, a Are is to be kindled in the fnniace 
ui.der the iron pot, and the chloride of calcium bath is to be kept boiling constantly 
until .16 p.ar's of acid have distilled over. The beak of the still shouM placed in 
the funnel which conducts the acid to the Winchester quart bottles which are to 
C‘»ntain the proiluct. and a piece of wet bladder is to l>c stretched over the funnel to 
prcM-nt I vapnration of tin* acul into the lalHiratory. The worm used for the purpose 
nui''! bo rtaini d t.i bo pi rtV*-ilT clean, and, if prussic acid Is to be frequenily made, 
sbo lid b'- k' j i sjuci.i'U l'‘r that oporati n 'I’o oacb inchc^tcr quart of the acid 
d.shliing ow r, one «lr<'p of '•idphiuio acid may be added to insiirv us keeping. Hut 
the .acid tliu-i } n pat I'll gmoiaUy keeps lor a long tinn* cNen without this precaution, 
owing probably to small tracisof the snlphuric acid being carried over during the 
di«tiiia((on. 

It is quite impossible to conduct the operation <o as to yield a product of uniform 
strength ; it is absolutely luecssary, therefore, to ditermine ilie percentage of real 
hydrocyanic acul. and dilute it to the required degree. It fortunately happens that 
I gram of hydrooyanie acul yn-Ms almost exactly 5 grains of cyamde of silrer,’ for 
one erjiuv; b ut ol acid « 27 prmiuces I equivalent of cyanide of silver =134 ; so that 
27 : 134 : : 1 : 4 96. I’he acid proiluced will have, pr(*hably, to be reduced to one of 
two standards; namely, the so-called Scheelc’s strength, containing 5 per cent, of acid, or 
the P.L , containing 2 per cent. ; 100 grains of the former should, consequently, yield 
2.1 grains, and 100 of the P.L. 10 grains of cyanide of silver. In either case the cal- 
culation becomes obvious. 

2. The anhydrous acid. Several processes forconducting this dangerousoperation 
are known ; the following is, perhaps, the most generally convenient. A large glass 
retort is so arranged that its neck is directed upwards at an angle of abi*nt 41°; 
a cork fitted to the aperture in the neck connects a glass tube wiih a bottle containing 
a little chloride of calcium. From the latter wssel another tube proceeds to a T tube 
contairfing fragmentsof chloride of calcium, and from the latter a third, conducting 
the dehydrated vapour of prussic acid to an upright glass lube contained in a mixture 
of ice and salt. Into the retort is placed a mixture of 10 parts of yellow ju ussiate of 
potash, 7 of oil of vitriol, and 14 of water. The retort is to be heated with a charcoal 
fire, and the temperature of the bottle and F tube, containing the chloride of calcium, 
is not to be allowed to fall below 90°, in order to prevent condensation of the anhy- 
drous prussic add taking place anywhere except in the tube contained in the /reeling 
mixture. The vapour of anbydrijps prussic acid is so dangerous that the greatest 
precaution jpust be taken to prevent inhaling the smallest portion. 

Detection of prwssic acid , — When prussic acid exists in moderate quantity in a 
solution it may be detected by first adding a few drops of potash, then a mixture of 
protosulphate and pereulphate of iron, and finally a little hydrochloric acid ; a bright 
blue precipitate indicates tlie presence of the acid. A much more delicate test, and 
one that is applicable when, from the dilution ^of the solution, the salts of iron are no 
longer capable of acting, is by the conversion of the prussic acid into sulphocyanide 
of ammonium. For this purpose the pniJ»ic acid is to be warmed on a watch glass 
with a drop of sulphide of ammonium, until the solution has become colourless. 'I he 
addition of a trace of a solution of a persalt of iron will show, by the ft»rn>alion of a 
blood red colour, the presence of the acid sought. A very neat mode of applying 
this test is to place one drop of sulphide of ammonium on a watch glass inverted over 
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SDOtlwr containlilg tile tiupected fluid. On leiriag the appaniu* in a varm plorr, 
airaoged in thia manner, for a short time, the npper flasa will be fonml to contain 
anlphoeyanide of ammonina, which, after drriOK, will be in a atale veil adapted for 
alioiriM the reaction with a pcrsalt of iretn. — C. O. W. 

H'VDBODYJtaVMlC'S, The mechanical acience which treats of the motion of 
flnida. This science has, of coarse, most important bearings on the pnmping-engines, 
water-wheels, &c., employed to facilitate the operation of the miner. It is not bnw- 
erer possible to embrace this, which belongs to mechanical engineering, in this work. 

HYDRO-EXTRACTOR. A name sometimes gisen to the machines enjp!oj,d 
for expelling the water from woren goods. See DKsirctTiov. 

HYDROFLUORIC ACID. It waaobtersed by Sewankhardi, in lf,7o. that ftunr 
spar and oil of vitriol would eat into glass. Scheele, in 1771, determined that this 
pecnliar property was doe to the liberation of an acid from the fluor spar. 

HydroAooric acid is best obtained by placing finely powdered floor spar in a Icadi n 
retort, and twice its weight of highly concentrated oil of sitriol. By a gentle hc.st 
the gas is distilled over, which must be collected in a leaden tobe, in whicli, by means 
of a fi-eeaing mixture, it may be condensed into a liijoid. If a sotetion ot tbia acid in 
srzter is required, the extremity'bf the tube from the retort is carried into a vessel of 
srater. 

HydroBomrie acid attacks glass with great readiness, by acting on its silic.i. 

Glass iip<m which any design it to be etched, is covered with an etching wax. and the 
design made in the oanal manner; this is placed over a leaden vessel, in which is a 
mixture of floor spar and oil of vitriol; a gentle heat being applied, htdroflunric 
acid escapes, and immediately attacks the glas-s. See Fni onivK. 

HYDROGEN. (Eng. and Fr.; IFaMcrstn/f, Germ.) A permanently gaseous, cle- 
menury body, the lightest of all known substances, its specific gravity being -069:1 ; 1 1 K) 
cubic inches weighing, under ordinary pressure and temperature, only 214 grains. 
It is therefore nearly 1 4 5 times lighter than atmospheric air. 

From its extreme lightness it was formerly used for filling balloons, hat has been 
snperseded for that purpose by ordinary coal gas, which can be obtained at a mnrh 
cheaper rate ; the difference of buoyant power being compensated by increasing con- 
aidenbtjr the size of the balloon. It is itself inflammahic. but not a siipivirtcr of eom- 
boation, ita combination with oxygen forming water, which contains 1th of its weight 
of hydrogen. 

It U generally prepared by the action of dilute sulpbnric acid on zinc, although 
there are many other processes which famish it ; as the decompomtioa of steam by 
iron filings with the aid of heat, &c. 

In the act of combining with oxygen, as when bnmt in the oxyhydrogen blow- 
pipe, the greatest possible beat is obtained ; a piece of stont platinum wire being fused 
when placed in the flame, -which cannot be effected by the greatest heat attamed in 
our furnaces. 

Hydrogen is sometimes used for soldering metals ; in which process It is requisite 
to bring the two surfaces of the metal together in a perfectly metallic state at a high 
temperature. Hydrogen effects this completely -. by its comhiistion it supplies the 
heat, and by entering into combination with the oxygen of the air, prevents the for- 
mation of oxides, which are so easily formed at the temperature required for the 
melting of the metals, and which, when present, prevent the union of the surfaces. 
See AoTOGEXoirs SoutERixo. 

Hydrogen is often used also for the reduction of metals from their different com- 
binations ; the reaction is effected by passing a current of hydrogen over the com- 
pounds heated to redness. 

Its use in reducing ores on the large scale has been proposed, but as yet not found 
practicable. — H. K. B. 

HYDROMETER. An instrument for ascertaining the specific gravities of liquids. 
Baurac’s hydrometer, -whieb is much used in France, and other countries of the con- 
tinent of Europe, when plunged in pure water, at the temperature of 58° Fahr., marks 
0 upon Its scale; in a solution containing 15 per cent, of common salt t!thIoride of 
so^um), and 85 of water by weight, it marks 15° ; so that each degree is meant to 
mdicate a density corresponding to one per cent, of that salt. See Amoholmetrt 
and Areometer. 

HYDROPHANE. A variety of cpal which readily imbibes water, and when 
immers^ it becomes transparent, though opaqne when dry. It is found in Hnngary, 
Causeway, and at Crosreagh, Bally willin. 

H 1 DKObT A TICS. The science which treats of the cqnilibrium of fiuids^and of 
the pressure exerted by them. * 

In the engineering arrangements by which water is supplied to towns, hydrostatics 
becomes of the utmost importance. The highest possible level is obtained for the 
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res<?rTolr; and from this a scrUs of h aiTanfrt*d through all the streets and 
liouses. 7'hi- tfiuh'ncy of t}jf wat<»r h to to its original level, and hence all the 
are filUd ■with water, and in all such as are below the level of the water in the 
reseTNoir a jtn’<s<uro upward is exerted equal to the height of the reservoir above 
that p uni ; and jf a hole is pierced in the pipe, the water jets out with a force equal to 
this pr»si,ure. In the highest houses, the water perhaps only finds its level, and 
llow'i <.ui without pressure quickly. See Watee Pressure Ekqinks ; Htdeaulic 

H VI>IU>srLPHlJRETS. Chemical compounds of bases with sulphuretted hydro- 
g« 1 '. ‘T h>dn>sulphunc acid. 

IlV.MKXfEA COURBAIIIL. A free growing inSouth America, from which the 
rvfun nnim^ exudes. 

H VPEKOXVMrRlATES. The old and incorrect name of Chiorates. 

HVPOCHLOIUC ACID. CIO*. Eq. 67‘5. When finelif powered chlorate of 
p4>tash is gradually mixed into a paste with strong sulphuric acid, and heated in a bath 
<*5'aU >A'.o\ and w a’« r. a > ellow pas is disenpaped which is this hypocbloric acid, or the 
pm‘n>h ff ihh.nnf', .Mtlumph of much interest as a chemicsd compound, it has no 
ujM* ’n tlip iir!*; S' e Vtv\ Chcnucnl Dtettonary. a ^ 

ilYl (X'llI.OUorS At'II). CIO. ICq. 4 : 1 : 1 . This acid is best obtained by diffusing 
ri'd cixuie ot mercury finely divided through twelve times its weight of water, which 
is introduced into a bottle containing chlorine, and agitated until the gas is absorbed. 
An oxychloride of mcrcurc' is foniied, which is removed by subsidence. The weak 
iluid obtained is put into a flask, and heated in a water bath, when the evolved gas is 
colIccttHl m a smaller portion of water, which becomes a pure solution of hypochlorous 
acid. 

Th>^ salts are teruuHl hypAchloritcs. See CnuoRiXE and BLEAcirrva. 

HYI’ovrMMI A'l KS Saline compounds formed by the union of hyposulphnric 
acid w ith ha-' S, 

nVpusl l.l’lirrrs Saliuc compounds formed by the union of hyposulphurous 
acid w ith h i«cs 

of Soili. 'I’he salts of the h} posiilphurlc acid are obtained from the 
hyposulphate of manganese, which is itself thus prepared : finely divided binoxide of 
manganese is suspended in water, artificially cooled, and a stream of sulphurous acid 
patisetl tlmiugh it The hinoxide gives up half its oxygen, becoming protoxide, 
which unites with the h} p<^sulphuric acid which is formed, producing the soluble 
hyposulphato of manganese, which is separated from the excess of binoxide by filtr»> 
tion. 

The following equation represents the reaction : — 

MuO* + 2SO* = MnO,SH)». 

If the temperature were allowed to rise, sulphuric acid would be formed, and not 
hvposulphuric; — 

MuO* + SO’ « MnO,SO». 

The hyposolphuric acid, unlike the hyposulphurous acid, may be obteiued in the 
free state, and its solution permits even of bein^ evaporated in twcwo, until it acquires 
the density of 1 ’347 ; but if carried further, it is decomposed into sulphuric and 
sulphurous acids. 

The acid is obtained in the free state by adding baryta water to the hyposulphate 
of manganese; the soluble hyposulphate of baryta, filtered from the oxide of man- 
ganese, and precipitated exactly by the cautious addition of sulphuric acid, and fil- 
tered from the precipitate of sulphate of baryfe, yields the pure solution of the acid, 
which may he evaporated in racwo, as above stated. 

It has no odour, but a very sour taste. 

ITie hyposulphate of soda may be made directly from the manganese salt or from 
the free acid. • * 

All the are soluble ; they have not as yet met with any commercial 

application. 

Ilt/posulphiU of Soda. This salt, now so extensively used for photographic pur- 
poses, was first introduced by Sir J. Herschel. It may easily he prepared by the 
following process : viz. by ti*ansmitting through a solution of sulphide of si^ium 
(prepared by fusing together in a covered crucible equal weights of carbonate of soda, 
and flowers of sulphur), a stream of sulphurous acid until it ceases to be absorbed j 
the liquid is then filtered and evaporated, when the hyposulphite of soda (NaOjS’O* 
•f 5IK>) crystallises out. 

Another and perhaps better process consists in digesting a solution of sulphite of 
soda on flowers of sulphur. The sulphur gradually dissolves, forming a colourlesi 

XI 4 



ICEHOUSE. 


488 

soladon, which yield* on ernporation crjstaU of hyposulphite of soda ; the reaction 
beuig atown by the following c<iaatton . — 

NaO,Sl>> + S = NaO.SW 


The loryta salt way be obtained in small brilliant crystals* by mising dilute 
solutions of chloride of barium and hyposulphite of sola. 

The hyposulphuroos acid is incapable of existing in the free state, for almost imme- 
diately on the addition of an acid to the solution of its salts, it is decomposed into 
sulphurous acid, with liberation of sulphur. (S‘0* = St)-' + S.) 

The soluble hyposulphite* hare the power, in a marked degree, of dissolring certain 
salts of silver, as thtf chloride, iodide, 4c., which are insoluble m water ; forming 
with them soluble salts, whose solutions possess an intensely sweet taste, although 
the solutions of the byposolpbitet alone poMCM a diaagrecable bitter uste. 

From the above reaction arises the ]»incipal value of ibe byposnipbite of soda, 
■which is used, by the photographer to dissolve off from the photograph, after the 
action of the light on it, all the undecomposed silver salt, tha* the further 

action of the light on the picture. 

A double hyposulphite of soda and gold is used for gildiug the di^nerreotype plate, 
and fur colonring the positive proof obtained in photographic printing. This double 
salt may be obtained in a state of purity, by mixing concentrated solutions of 1 part 
of chloride of gold and 3 parts of hyposulphite of ^a ; by the addition of alcohol it 
is precipitated: the precipitate must be rc-dissolved in a small i|naiiliiy of water, 
and again precipitated by alcohol. Its formation is explained by the following equa- 
tion : — 


8(Na0,S»0)+ AuCl*,= aCXaO.S'fV + Au0,S'<>*,.1(Na0.S'0’) + SNaCI. 

Teirathionale of HjrpoftulphUa of totU and gold. Chlor. 
•o(U< Rodiiim. 

a K. a 

HTfSON. A green tea. See Tea. 


I. 

IBGXs An animal of the goat kfnd, the hair of which if esteemed for some kiuds 
of manufacture, 

ICEHOUSE. (Ghci^e, Fr. ; Eishaus, Germ.) Under the article Frekzivo, the 
diflferent artificial methods of producing cold are enumerated. But for the uses of cora- 
inon life, in these climates, the most economical and convt'nient means of refrigeration 
in hot weather may be procured by i^ing up a store of ice in winter, in such cir- 
cumstances as will prcseive it solid during summer. 

An icehouse should not be regarded as an object of mere luxury ; in the southern 
countries of Europe it is considered among people in easy circumstances as an indis- 
pensableappendage to a country mansion. During the dog days, e'^pecially at iho'^e 
periods and in those districts where the s»rocro blows, a lassitude and torpor of mind 
and body supervene, with Indigestion or total loss of appetite, and sonietimes d}.Sfn- 
teries, which are obviously occasioned by the excess of heat, and are to be prevented 
or counteracted chiefly by the use of cold beverages. By giving tone to the stomach, 
iced drinks immediately restore the functions of the nervous and muscular sy.^tems 
when they are languid ; while they enable persons in health to endure without much 
inconvenience an atmosphere so close and sultry as would be intolerable without (his 
remedy. Icehouses, moreover, afford to country gentlemen a great advantage in 
enabling them to preserve their fish, butcher meat, dead poultry, and game, which 
would otherwise, in particular states of the weather, immediately spoil. Considering 
at how little expense and trouble an icehouse can be. constructed, it is surprising that 
any respectable habitation in the country should not have one attached ^ it. The 
simplest and most scientific form is a double cone, that is, two cones joined ba.«!e to base ; 
the one being of stones or bnek-work, sunk under ground, with its apex at (he bottom, 
into which the ice is rammed ; the other being a conical roof of carpentry covered 
with thatch, and pointed at top. The eutraoce should be placed always on the north 
side; it should consist of a corridor or porch with double doors, and be screened 
from the sunbeams by a small shrubbery. Such are the principles upon which an 
icehouse should be formed ; but they will be better understood by the following ex* 
pianation and figure. ^ 

A dry and sandy soil if possible should be selected ; and here a cavity is to be dug 
about 16 feet in diameter, terminating below like the point of a tngar loaf. Ita 
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ordinary depth for a family may be al)out 24 feet *, but the larger its dimensions are, 
the longer it prt'ierve the lee, provided it be filled. In digging, the workman 
should slope the ground progressively towards the axis of the cone, to prevent the 
earth falling in. Th.s conical slope should be faced with brick or stone work about 
one foot thick, and jointed with Roman cement, so as to be air and water-tight. A 
Well IS to Ih* exca\atid. at the bottom 2 feet wide and 4 deep, covered at top with an 
iron grating for supporting the ice, and letting the water drain away. 

The upper coiie may hkewiM? be built of brick-work, and covered with thatch ; such 
a riHff would pnne the most durable. This is the construction shown in J7</.9S4. 
Whatt-\. r kind of roof bo preferred, there must !«? left in it an oblong passage into 
the interior. This porch should face the north, and be at lea^t S feet long by 2^ feet 
w id*. ; and |K‘rfectly closed by a vrell'fitte<l d<>or at each end. All round the bottom 
of this conical cover, a gutter shoiill b<* jdaced to carry off the rain to a distance 
from the icehouse, and prevent the circumjacent ground from getting soaked with 
moisture. 

J'u; '.IS') shows the F*.ciion of a w ell-constructed icchouse. Under the ice cham- 
1) r V til. lie Is r.UTum d into the space B. c is the grate of the drain sink D. The 
p<»rt on f 1 is hiiilr in bnek or stone ; the base L of ice-chamber slopes inwards 
to« anls the centre at r. 'idle upper part of the brick -work e E is a little way below the 
li vcl of the ground. The wooden framework 
r r F F forms the roof, and is covered with thick 
thatch. G H is the wooden work of the door i. At 
K the bucket is seen for lifting up a charge of ice, 
b> means of the cord J passing over the pulley M, 
w Inch enables the servant to raise it easily. 

The ic house should have no window to admit 
Iij:h{ ; but ]>e, so to sp>'ak, hermetically sealed m 
evvr\ point, ixiept at its cesspool, which may 
ternnnate in a water trap to prevent circulation of 
air. 

A clear daj should i>e selected for charging the 
icehouse ; but before beginning to fill, a quantity 
of long dry straw should be laid on the bottom 
crosswise ; and as the ice is progressively introduced, 
straw is to bespread against the conical sides, to pre- 
vent the ice from coming into contact with the brick 
or stone-work 'I'he more firmly compacted the ice 
is, the l>etter doe*s it keep ; with w hich view it should 
be broken into pieces with mallets before being 
thrown in. No layers of straw should be stmti/ied 
among the ice, for they would make its body porous. 

Some persons recommend to pour in a little water 
with the successive layers of ice, in order to fill up its small crevices, and convert the 
whole into one mass. 

Over the top layer a thick bed of straw should be spread, which is to be covered 
with boards surmounted with heavy stones, to close up the interstices in the straw. 
The inner and outer door should never be opened at once ; but the one should always 
be shut before the other is opened. 

Dry snow well rammed keeps equally well with hard ice, if care be taken to leave 
no cavities in the mass, and to secure its compactness by sprinkling a little water upon 
tlie successive charges. 

To facilitate the extraction of the ice, a ladder is set up against its sloping wall at 
one side of the door, and left there during the season. 

ICE HY THE RED-HOT PROCESS See Spheroidal State. 

ICE-PRODUCING MACHINE. See Freezing. 

ICELAND MOSS {Lichen Flevhte Isl. Germ.) is alichen, the Ce- 

traria IshinJUca, which contains a substance soluble in hot water, but forming a jelly 
when it cools, styled hchenine by-M. Guerin. This moss is called in the Pharma- 
copi® Lichen hlandtcm. It appears to have derived its name from the circumstance 
that the Icelanders first discovered its medicinal qualities. Lichenine is prepared by 
extracting first of all from the plant a bitter colouring matter, by digesting 1 pound of 
it in 16 pounds of cold water containing one ounce of pearl-ash; then draining the 
lichen, edulcorating with cold water, and boiling it in 9 pounds of boiling water, till 
3 pounds be evaporated. The jelly which forms, upon cooling the filtered solution, 
is dark Coloured, but, being dried and redissolved in hot water, it becomes clear and 
colourless. Lichenine consists of 39*33 carbon, 7 24 hjdrogen, and 55*43 oxygen. 
The mucilage of Iceland moss is preferred in Germany to common paste for dressing 
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the warp ofwtb® in the loom, heraose it remaiiw tnd, frmn u« hjgr^metno -juaiitr. 
It U mixed with the pulp for sizing pajHT in the ral. For Jk \erai c^r.oa^ cmju* 
pnaods obtained from Icoland mo*.^ »*•»• I'rr s i^hrmtral />u /lonare. 

ICELAND SPAli. CrjsuliiMil tarNmal** of hmo, of wiuch ih*' n..r^{ Uaitifnl 
apecimens are brought from K*cIar»»I. Tin**** are n-markahh* htr ih«*ir »J»>,iho’ r> !rac* 
turn } and hence thia crystal is sonu*time« catted dimUt rrfmeUn^ $por. 

IDWALE-STOKE. A p^uliar WcUh houe •tone. It is ol^iacd from the r 
state rocks of the Snowdon district 

ILIXANTUINE. A substance which might be cmpIoTt-d for d\ung 
derived from the leaves of the common hotly. 

ILLUMINATION. TTuwktan* o/dr^rmimingiKt rrlatirt valurM of t\itioui 
of illuminating power. 

It is often of the utmost importance that we abould be cnabUd, with f4ril.;% . t ^ 
determine relative values of the light which we obtain from artiftcial S'>iir.'>4 
The only way in which this can be effected, it by eomfutriog with some star. l..r t 
source «f light the illuminating sources employed. Dr. Ure, who was on 
'occasions called on to direct his attention to inquiries of this nature, instituted many 
ve^ ingenious and exact experments ; to some of these it appears important that we 
should ^rect especial attention. Of the original pap^ r on the cost of illumination, 
many parta are now obsolete; but as much of it is stiU of r(>r,sMU rubl«> ;>ra<'t;(' il \ i! i . 
the xoliowing selections have been made, all such tx-ing l>r I'rrs 

name. After many cxperimoius to detcmiine a standard, I>r. I n' . — 

“ After comparing hghts of many kinds, I find every rr js >n lo roni iu iliat a hrj»' 
wax candle of throe to the {»)tind. either long «>r short, tli.it i-, < uIht li ..r 1 *» ineh«-« 
in length, aa manufactured by one of the great wax-ch.indh i** e.f L*nilf,n, and fur- 
nished with a wick containing 27 or 2S threads «'f the t‘osl Turkey cotton, i' r.ip.d-le 
of furnishing a most uniform, or nearly invartable standard of illumination. It atl'UiU 
one tenth of the Iiglit cmitt- d by on ‘ of the Argaml lamps of the Trinity Hou«.\ and 
one-eleventh of the light of luy mccluimcal lamp, when each lamp is made to burn 
with its maximum d.imc, .sliorr of sjnnkiu r.*’ 

Dr. Ure, however, for many of hss d. ft tmiuations employed the French mcThanical 
lamp, known as Carcel’s lanqi ; au<l in <*<m{u tu>n «ith tins the followjug remarks 
occur: — 

** Mr. Samuel Parker, long advantageously kn<‘wn to the pubhc fu In- oru^i.il 
and pneumatic fountain lam{^, a.s well as otluT irncntions .subserM<-nt to douustic 
comfort, having obtained a patent for a new hinip, in which the od is heated by a ^i-ry 
simple contrivance, inthe cistern, to any desired degree, before arriving at llie wick, 
1 instituted an extensive series of experimints to determine its value in the production 
of light, and consamption of oil, compared to the value of other as well as 

candles, in these respects. 

In Jig. 986 a. A, B, b, is a section of the cylinder which con‘:tJtutcs the cistern ; 
the oil being contained between the inner and outer cylinders, and rcceivmc: heat from 
the flame of the lamp which passes up through the inm-r cylnrJ'T. and ts rev. r- 
berated more or less against its sides by the top of the metal cbinincy ht-ins n^t'died 
and bent back, d is a slide-valve, which is opened to allow the oil to fie‘u"«‘n i to the 
wick, and is shut when the cistern is to be separated from the pipe of supply, at e, 
for the purpose of recharging it with oiL The flame is modified, not by raising or 
lowering the wick, as in common lamps, but by raising or lowering the Ix'U-inouthed 
glass chimney which r^sts at its bottom oa three points, and is moved by means of 
the rack-work mechanism r. The concentric cylindric space a, a, and b. b, contains 
a pint imperial, and should be made entirely full before lighting the lamp ; so as to 
leave no air in the cisf«m, which, by its expansion with the heat, would inevitably 
cause an overflow of the oil. 

The following arrangement was adopted in these experiments for determining the 
relative illumination of the different lights. Having trimnu d, with every precaution, 
my French mechanical lump, and charged it with*purc sperm f»il, I placed it upon an 
oblong table, at a distance of 10 feet fr«>ni a wall, on which a white sheot^^f paper was 
stuck. One of Mr. Parker s hot-oil lamps, charged with a quantity of the same oil, 
WM placed upon the same table ; and each being made to bum with its maximum 
brilliancy, short of smoking, the relative illumination of the two lamps wa.s determined 
by the well-known method of the comparison of shadows ; a wire a few inches long, 
and of the thickness of a crow-quill, being found suitable for enabling the eye to esti- 
mate very nicely the shade of the intercepteil light. It was observed in numerous 
trials, both by my own eyes and those of others, that when one of the lamps was 
shifted half an inch nearer to or further from the paper screen, it caused a pe^eptible 
difference in the tint of the shadow. Professor Wheatstone kindly enabled me to verify 
the precision of the above method of shadows, by employing, in some of the experi- 
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mfnts, a photomoter of bis own invention, in which the relative brightness of the two 
liL'his was (ielenmned by tlie relative brightness of the opposite sides of a revolving 
silvered ball, iliiuninatod by them. 

9«fi 
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1. The mechanical lamp was furnished with a glass chimney 1'5 inch in diameter 
at the base, and I 'i at top ; the wide bottom part was 1-8 inch long, and the narrow 
upper part S inches. When placed at a distance of 10 feet from the wall its light there 
may be estimated as the square of this number, or 100. lu the first aeries of experi- 
ments. when burning with its maximum flame, with occasional flickerings of smoke, 
it emitted a light equal to that of 1 1 wax candles, and consumed 912 grains of oil per 
hour. The sperm oil was quite pure, having a specific gravity of 0‘874 compared to 
water at 1 000. In a subsequent series of experiments, when its light was less flickering, 
and equal only to that of 10 wax candles, it consumed only 815 grains, or 0 1164 of a 
lb. per hour. If we multiply this number into the price of the oil (8s. per gallon) 
per Ih. Hi, the product l-28b4i will represent the relative cost of this illumination, 
estimated at 100. 

2. The hot-oil lamp bnrn.s with a much steadier flame than the mechanical, which 
must be ascribed in no small degree to the rounded slope of the bell-mouthed glass 
chimney, whereby the air is brought progressively closer and closer into contact with 
the outer surface of the flame, without being furiously dashed against it, as it is by the 
rectangular shoulder of the common contracted chimney. When charged with sperm 
oil, and made to burn with its maximum flame, this lamp required to be placed one 
foot further from the screen than (he mechanical lamp, in order that its shadow should 
have the sa3le depth of tint Hence, its relative illumination was, in that case, as the 
square of U to the square of 10; or as 121 to 100. Yet its consumption of oil was 
only 696 grains, or somewhat less than 0-1 of a lb. per hour. Had its light been 
reduced to 100, it would have consumed only 576 grains per hour, or '082 of a lb. If 
we multiply this number by llrf, the prodaero-902d will represent the relative cost 
of 100 of this illumination. 

3. The hot-oil lamp being charged with the southern whale oil, of specific gravity 
0-926, at 2s. 6d. per gallon, or 3pl per lb, when burning with its maximum flame, 
requirA to be placed 9 feet and 1 inch from the screen to drop the same tint of shadow 
npon it as the flames of the other two lamps did at 10 and 1 1 feet with the sperm oil. 
The sqnare of 9 feet and 1 inch = 82 U the relative illumination of the hot-oil lamp 
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with the toathern whale oil It oonsuniHl rso or 0 I Jl of a jwr hour; 

bat had it giTeo lOO of light it would haie conomurd 91 1 grams, . r o I io.,; a i»nind. 
which number being multiplied bj its price ,9 ,*</., the product iMSTi./, will r.prcsiut 
the relative cost of 100 of tins light. 

4. A bot-oil lamp charged with olive oil of sp*>cilic gratitv 091t. at 'i #17 p<*r 
gallon, or 7J</. [ler lb. when burning with its maximuin tiame, required to !«■ pla -id 
at 9 teet 6 inches, to obtain the standar.i tint of shadow ujion the screen, ft r.m- 
siinied 760 grains per hour. The s<|Uare ot 9j teet is 9o a Inch is the relatis e mi.n- 
sity of the light of this lamp. Had it einittesl n hght I'-ii, ji would base consumed 
h40 grains, or (yia of a pound per hour — which numlier mnltiplo d hy the pr.rc (s r 
pound, gives the. product 0-9./. as the relative cost of lini of this light. 

5. A bot-oUlamp charged with Price and <"a's cocna-niii oil (oleine), of sje-n' e 
gravity 0-9^, at 4s. 6d. per gallon, or hjd. per lb, had lo be placed 9 feel from the 
screen, and c^nmed 103 j grains per hour. Had its light been 100 insli>a<l of s I ( 9 ). 
the consumption would have been 1977 grains, or 0-182 of a pound per hour! win. h 
nunitier multiplied by its price per ponnd, the product IDSldL will represent the cost 
of 101) of this illumination, 

4. In comparing the commoiP French annular lamp in general nse with the me- 
chanical lamp, it was found to give about one-half the light, and to consume two thirds 
of the oil of the mechanical lamp. 

7. Waz-esadles from some of the most eminent waa-rlmndh-rs of the m. irupol.s 
were neat subject^ to experiment ; and it is very rcmarhahle that, whether th.-j were 
threes, fours, or sixes in the pound, each alTordeii very nearly tfie same qiiaii’iitj of 
light, for each required to be placed at a distance of feet from the sore* n to allord 
a shadow of the same tint as that dropped from the meehanieal lamp, estim.ited at Ion. 
The consumption of a genuine wax candle, io still air. is, uimn an avi rage of timnv 
experiments, 123 grains per hour, hut as it affords only ,i, of the light of the me'- 
chamcal lamp, 11 times 123- 1.373 grains, or 0 1064 of a pound is the qnantits that 
would need to be consumed to produce a light equal to that of the said lamp, 'if we 
multiply that number by the price of the candles per lb. — 30</. the product -S’899(/. 
IS the cost of 100 of illumination by wax. A wax candle, three in the pound (short)! 
u one inch in diameter, 12 inches in length, and cont.iins 27 or 2,s ihr. .ids, each 
about A of an inch in diameter. But the quality of th.- wiek dcpnids iip.m the e.i|iil. 
lanty of the cotton fibrils, which is said to be greatest in the Turkey cotton, and 
hence the wicks for the best wax candles arc always made with cotton yarn importcil 
from the Levant. A wax candle, three in the pound (long), is j of an inch in diameter, 
15 inches long, and has 26 threads in its wick. A wax candle, six to the pound, is 9 
inches long, | of an inch in diameter, and has 22 threads in its wick, 'fhe light 
of this candle may be reckoned to be, at most, about less than that of the threes m 
the ponnd. A well-made short three burns with surprising regularity in still air, being 
at the rate of an inch in an hour and a half, so that the w hole candle Will last 18 hours. 
A long three will last as long, and a six about 9} hours. Sp. gr. of k.ix = 0 '.ir.o. 

8. A spermaceti candle, three in the pound, is of an inch in diameter. I.i inches, 
long, and has a plaited wick, instead of the parallel threads of a wax candle. Thu 
Mme candles four in the pound, are of an inch in diameter, and 1.34 inches long, 
tach gives very nearly the same quantity of light as the corresponding wax candles: 
VIZ ^ ot the light of the above mechanical lamp, and consumes 142 grains per hour. 
Multiplying the last number by 11, the product. 1562 grains = 0-22.3 of a pound would 
be the consumption of spermaceti requisite to give 100 of illumination. Multiplying 
the last number by 24d^ die orice of the candles per pound, the product, 5 3327. is the 
rtilative cost of lOo of this Qmm'matioa. 


9. 5’teoric aenf candles, commonly called German wax, consume 168-5 grains or 
n-o-24 of a pound per hour, when emitting the same light as the standard wax candle. 
Multiplying the latter number by 1 1, and by 16d. (the price of the candles per lb.) the 
product 4-224rf. will represent the relative cost of 100 of this illumination. 

10. Tallow candles ; moulds, short threes, 1 ingli in diameter, and 124 in length ; 
ditto long threes, of an inch in diameter, and 13 in length; ditto, lon'wfours A of 
an inch in diameter, and 13 ’ in length. Each of these candles burns wiil, a most un- 
Certam light, which vanes from to of the light of the mechanical lamp— the average 
may ^ taken at f,. The threes consumes each 1 44 grains, or 0 2 of a pound per hour : 
which number, multiplied by 14, and by- 9./. (the price per pound), gives the product 
2 .72«. tor the relative cost of 100 of this illumination. 

11. Palmer's spreading wick candles. Distance from the screen 3 feet 4 inches, 

equal to the standard. Consumption of tallow per hour 2.3-2 5 grains, 
or 003.3. of a pound. The square of .3 feet 4 inches^ 119 is the relative ilTumina- 
lon of this candle=ll -9 ; 0-3332 ;.- 100 : 0-28 x 10d. = n-9 is the relative cost of 
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12. Cocoa-nut stearine candles consumed each 168 grains per hour, and emitted a 
lipht equal to of the standard liime. Multiplying 168 by 16, the product 30-88 
grams, or o 14 I of a Ih.. is tlu- quantity \ihioh would be consumed f»er hour to afford 
a liu'ht equal to loo. And 0 441 multiplii'd by the price per lb., gives the pro- 
duct 4 441//. as tiii* (•<)«.! of J(M» of this illunnoatioD per hour. 

13. A .Vr^and London lamp, of 12 lioles in a circle of ^ of an inch in diameter, 

«ith a tlaniv 3 mefes long, afforded a Iight--r8j compared to the mechanical lamp: 
a:.d the light of the said mechanical lamp as before at luo^ that of the 

Ii'>t-''il i.un]> i.>‘ I2l, and that of the above gas flame r8'.)r, or in round numbers 80, 
ami (ht' nmmon French lump iM general w^c .">0. 

Codecting the preceding results, we shall h.ive the following tabular view of the 
co<i per hour of an illumination equal to that of the mechanical lamp, reckoned 100, 
or that of eleven wax candles, three to the pound. 


Taiu.k of Cost p^r Hoi* n of One Hundred of Illumination. 


1. I’arkej s hot-'iil lamp, with southern whale oil^ 

2. Mrcliamcal or ('arcel lamp, with sperm oil 
.3. P.irkcr'.s hot>oi] lamp, with sperm oil 

4. Hiilo ditto coninion olive oil 

.*>. Ditto ditto cocoa nut oleine or oil 

G. French lamp in general use, with sperm oil 
7. 'Vax candles 

8 Spermaceti candles - - . - . 

'» (h rmau wax ( Stearic acid) ditto . . « 

lo r dineris s} rc.tdiM;! wirk candles • - . 

II. d'a'.lnw ( iiuniM > ( andh s . . - . 

IJ. t'MCoa-nut vi.arui'' of IViee and Co. 



Pence. 


Pf’ncc. 


0-4S75 

or about id. 


I -2804 

- 

- U 


0-902 

- 

- 1 


0-900 

. 

- 1 


1-031 

- 

- 1 


l-70:2 

- 

- 'i 


5-892 

- 

- 6 


5 352 

. 

■ 


4-224 

- 



2 800 

• 



2-.’>20 

- 

- 2I 

■ 

4-41 

- 

- •‘i 


The following table contams. according to IVclet, the illuminating powers of dif- 
ferent candles, ami their consumption of material in an hour; the light emitted by a 
('a nl Argand lamp, consuming 42 grammes (==42 x Di grains) in an hour, being 
calf d loo : — 



lutrnsity of Light, 

Consumption per Hour. 

Tallow candles 6 in lb, ... 

iOC6 

8-51 

Stcariuc, or pressed tallow, 8 in lb. 

874 

7-51 

, 5 in lb. 

7-50 

7-42 

Wax candles, 5 in Ib. ... 

13-61 

8-a 

Spermaceti. 5 in IK - 

Stearic acid, commonly called stearine. 

14-40 

8 92 

5 in n». .... - 

14-40 

9-33 


The subjoined tabic shows the economical ratios of the candles, where the secon-l 
column gives the quantity of material in grammes which is requisite to produce as 
much light as the Carcel lamp: — 




Qu.il-tv of 

Prfec 

per Kilo« 

Cost of I.’ght pi-r 



Mfttcrul. 

gramme. 

Hour. 

Tallow candle. 6 per Ib. - 

. 

70-3.» 

1 f. 

40 C. 

9-8 c. 

■, 8 per IK - 


85-92 

1 f. 

40 C. 

12-0 c. 

Pressed tallow, 5 per Ib. - 

- , 

. 98*93 

2 f. 

40 C. 

23-7 c. 

Wax candle, 5 per Ib. 

- 

64-04 

7 t. 

60 C. 

48 6 c. 

Spermaceti ditto, 5 per Ib. 

- 

61-94 

7 f. 

60 C. 

47-8 c. 

Stearine, 5 per lb. - 

- 

63-24 

6 t 


37 1 c. 


These results may be compared with mine ^iven above, A kilogramme, or 1000 
grammes = L'),440 grains -2} lbs. avoirdupois.” — Ure. 

The mle otierved in the detennioation of these questions of illuminating power, 
is, according to the laws of optics, that the sum of the impinging rays from any 
source,"^s inversely as the square of the distance from their source. 

“ The numerical estimation of the degrees of intensity of light constitutes that 
branch of optics which is termed Photomctbt, 
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** If'iigtit be • miterial emanation, a aometbin^ iscattered in minate particlea in all 
directions, Hia obvions that the same quantity which is diffused over ihe surface of a 
sphere concentric with the loiniiious points, if it continue its course, will sun ossirrly 
be diffused over larger and larger concentric spherical surfaces ; and then its intensity, 
or the ntmaber of rays which fall on a giren space, in each will be inversely a< the 
whole snrfaces over which it is diffused ; that is, inversely as the square of ihnr radii, 
or of their distances from the sourceof light. .... lad a candle be placed behind an 
opaque screen, full of small eqnal acd similar holes - the light will shine through 
these, and he intercepted in all other parts, forming a pyramidical bundle of rays, 
having the caudle in the common vertea. If a sheet of white paper be place-l Ix'hmd 
this, it wUlbe^ptn dotted over vrith small luminous specks, disposed exactly as t!io 
boles in thf aneen. Suppose the holes so small, their number so great, and the rye 
so distant fr^ the paper, that it cannot distinnish the individnal specks, it will still 
receive a geniratpipression of brightness; the paper will appeu illuminated, and 
present a mottled appearance, which, however, will grow more nniform as the lioles 
are smaller and closer, and the eye more distant, and if extremely so, the paper will 
appear nniformly bright. Now if every alternate bole be stopped, the paper will 
mihifestly receive only half thc^iight, and will therefore be only half aa mneh tllnmi. 
nated ; and etetera paribus the degree of illumination is proportional to the niimlier of 
holes in tlm screen, or to the number of equally illuininateil specks on the surface , i. c. 
tf the spe^whe infinitely diminished in size, and infinitely increnved in nuinlitr to 
the number, of rays which fall on it from the original source of light." ( Hirirhel.) 
Reasoning thus. Sir John Herschol proceeds and oslahlishis (lie following definitions — 

The real intrinsic brvjhtness of a luminous object is the intensity of the light of 
each physical point in its surface. 

The apparent intrinsic brightness of any object or luminary is the degree of illumi- 
nation of its image or picture at the bottom of the eye. 

The absolute light of a luminary is the sum of the areas of its elementary portions, 
each multiplied by its own intrinsic brightness. 

The apparent light of an object is the total quantity of light which entert oar eyes 
from it, however distributed on the retina. 

Variotig instruments, called photometers, have been devised to measure the illumi- 
nating power of any body ; these are, all of them, more or less defective, and the 
results which we obtain with the best of them are merely comparatne with each 
other. 

Bonguer’s photometer consisted of two surfaces of white paper, of exactly eqnal size 
and reflective power, cut from the same piece in contact ; these are illnrainalctl, the 
one by the light whose illuminating power is to be measured ; and the other bv a 
light whose intensity can be varied at pleasure by' an increase of distance, and can 
therefore he exactly estimat-'d. The variable light is to be removed or approached, 
til! the two surfaces are judged to be equally bright, w hen the distances of the 
luminaries being measured, or otherwise allowed for, the measure required is 
ascertained. 

liumford's photometer. Before a screen of while paper, in a darkened room, is placed 
a blackened cylindrical stick, and the two lights to be compared are so pl.iced that 
two shadows are thrown upon the screen side by side, with an interv.al between them 
about equal in breadth to either shadow. The brighter flame must then be removed, 
or the feebler brought nearer to the screen, till the two shadows appear of equal in- 
tensity, when their distatlSes from the lights must he measured, and their total illu- 
minating powers will be in 'the direct ratio of the squares of the distances. 

Bitchie’s photometer consists of a rectangnlar box, about an inch and a half or two 
inches square, open it tsro ends. It is blackened within to absorb the extraneous 
light. Within, inclined at angles of 45° to its axis, are placed two rectangular pieces 
of plain looking-glass, cat from one and the same rectangularstrip ; these are fastened 
so as to meet in the middle of a narrow slit, about an inch long, and an eighth of an 
inch broad, which is covered with a. slip of fine tiSue or oiled paper, and a blackened 
card prevents the reflected images from mingling. If we would compaf? two lights, 
they must be placed at such a distance from each other, and from the instrument be- 
tween them, that the light from every part of each shall fall on the reflector next it, 
and he reflected to the corresponding portion of the paper. The instrument is then to 
be moved nearer to the one or the othef, till the paper on either side of the division ap- 
pears equally illuminated. When the lights are thus exactly cqnalised, it is clear that 
the total illuminating powers of the luminaries are directly as the squares of their dis- 
tances from the middle of the instrnment. 

Wheatstone’s photometer is a small sphere with a reflecting surface, whicB being 
placed between the two lights, each light is seen on it hy the spectator, the two being 
nflccted from different points of the .sphere’s surface. By aa ingenions but simple 
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mechanical contrivance, a raji’.d Ioojk'1 motion is communicated to the ball, and by 
the principle of the //rrw si'f/iee nf vnprtst^tvng, the spectator immediately sees two 
bioju'd ciirx es of diHerenl bnplitnoses. J’he brighter light is removed until these curves 
seem of the same hrightnc'^s, and the intensities of the luminous points are then as the 
S'^uarcs of the dislaiK‘».s. 

iSunsens pfiotf'vuUr consists of a sheet of cream coloured letter paper, rendered 
transparent ovor a portion of the surface by a mixture of spermaceti and rectified 
naphtlia, « liich is solid at common temperatures, but becomes liquid on the application 
(if a ry gi ntlc heat. The mixture is liquefied and painted over the paper with a 
brush. K a\ ing a round di^c of the size of half a crown in the centre uncovered. "When, 
a Ifght IS placed on one side of the paper a dark s|w)t is ub'Jer^ed on the uncovered 
portion. When another light is placed on the otner side of the paper, the spot is still 
distinctly visible, if the distance of the light is such that the reflected portion from the 
pai>er be either of greater or of les** intensity than that transmitted. the paper is 

s<» situated between the two tlaines that the transmitted and reflectd<i^ light are of the 
same inteii'^it\, the uncovered spot is no longer visible. * 

It will Ik* (\nUnt from the>e descriptions that it is possible only, by any of these 
contrnanre*;. to compare one light with another; tb^re is not any arrangement 
wlueh we .jre eiiahled to express absolutely the illuminating power. Upon the prin- 
ciple of eoriipaiison, and comparison only, the following tables have been constructed 
bs tlie relative experimentalists. The observations of Peclet have been alnl|iuly given. 
'J lie following comparative view of wax and stcarine candles manufacturwl in Berlin, 
w Inch have been deduced from the observations of Schuharth, is of mucli^alue. 


K-ivl «‘f r.iiuiU s. and wJirrcc oUtaIncU. 

lnt<>nm)' of 
Ijliht. 

Con«nmp(icn 
in one hour, 
in gramme*. 

Heiatfre 

illuminating 

power 

('oninion wax candles, of 

r -Is 

10.3 .> 

7'S:7 

85 20 


it TO 

717G 

83-20 

I aunhiiiiscr - . - 


I(M)-0 

6-502 

100-0 


f 

132-7 

9-398 

92-66 

Wax candles, of Walker 

6-s 

1 20-3 

8-082 

97-69 

8's 

113-1 

7 132 

104-1 


C 4’s 

117-4 

9-4->7 

81-74 

Sti arinc candles, of Motard - 

r,-s 

111-8 

9-383 

78-23 


121-0 

7-877 

100-7 

Stearine candles, of Mag- 


139-5 

132-7 

10-63 

9-39S 

8611 

9266 

net and Oehmichen - 

S*8 

>25-0 

■ 8-50« 

96-54 

Stcarine candles, from the 

f 6’s 

116-1 

8-871 

85-86 

same makers - - - 

8's 

U6-0 

8-886 

108-0 


fVs 

124-5 

9 880 

82-67 

Candles made from palm oU - ■ 

6-s 

115-3 

9-178 

82-56 

.8’s 

167-5 

8-813 

113-70 


These results show os that the mean illmninating power of wax and stearioe 
candles is nearly the same. . , » 

The illuminating power of gases and of gas burners wi^ be found in the article 
CoAi. Gas. ... - 

IMPERMEABLE, is the epithet given to any kind of textile fabric, rendered 
water-proof bv one or other of ilie following substances; — ■ 

1. Linseed to which a drying quality has been commumcated by boiling with 
litharge or sugar of Kad, &c. 

2. The same oil holding in solution a little caoutchouc. 

3. A varnish made by diMoIving cftoutchouc in rectified petroleum or naphtha, applied 
between twoi^urfaces of cloth, as described under Idacintc^h s patent. See Caout- 
chouc, 

4. Vegetable or mineral pitch, applied hot with a brush, as in making tarpaulmg for 

covering goods in ships. , • • » t 

5. A solution of soap worked into cloth, and" decomposed in it by the actmn of a 
solution of alum ; whence results a mixture of acid, fats, and alumina, which insinuates 
itself among ail the woolly filaments, fills their interstices, and prevents the passage of 
water. 

6. A illation of glue or isinglass, introduced into a stuff, and then acted upon by a 
clear infu^io^ of galls, whereby the fibres get impregnated with an insoluble, imper- 
meable, pulverulent leather. 


496 INCUBATION. 

7. plaster worii is reodered impcrnicaole hy miaiog aniticial nr nataral &s;>haltiuii 
with it. 

INCUBATION, ARTIFICML. The Kg^piian? ba^e from time imtneraoral 
been acciwtoined to hatch by artificial warmth, wiihoui the a»'l «»f h‘ n4, in pt- 
cnliar stoves, called 3/’ammri/jf. M. de Kcautiuir pahli«hc<l in France, about acenturr 
ago, some ingenious observations upon this subject ; but M. Ibmneiuatn was the first 
person who studied with due attention all the circtuns^ances of artificial incubatnm, 
and mounted the process successfully u|>on the comnu rcial scale. So far luck r.s 
1777 be communicated to the Academy of Sciences an interesting fact, winch he had 
noticed, upon the mechanism employed by chicks to break tluir shells ; and f«>r «i>me 
time prior to t^French revolution he furnisbetl the Fansiao market with exct 
twultry ata perfeof the year when the farmers had ceaaetl to supply it. Hu eNt.ib- 
lishment w# ruined at that disastrous era, and no other has ever sine- been om^truct^vl 
orconducte4 with similar care. His apparatus derives peculiar interest from the fact 
that it was founded upon the principle of the circulation of hot water, by the 
motions of its particles, in a returning series of connected pipes ( a subject aAerwards 
illustrated in the eapierimental researches of Count Rumford. It has of late years 
boro introduced as a novelty int^ this country, and applied to warm the apartmeots of 
many public and private buildings. The following details will prove that the theory 
and practice of hot water circulation were as perfectly understofnl by M Bonm ina n 
fifty years ago, as they are at the present day. They were then puMii ly . xIh; itrd .»t 
his residency in Paris, and were afterwards comnuiiucaled to the worUl at 1 irp*- in the 
interesting article of the Em tfvh.ju.lie T*\hnoh>ijit^u>\ intiiled Ituuh,iih.n .l// 7 ic/*/.V, 
under the head of HtUjuhU'ur dc Tnupfuiturv. 

The apparatus of M. Ilonnemam con'Ji.sted : I, of a b<>il*T and p!p<>< for f)i^ rirm- 
latioD of water ; 2, of a regulator calculated to maintain an l ijnable teinp*»raturf ; 
of a 8tove*apartment, heated constantly to the degree best fitted for meubafinn. w hich 
he called the hatching pitch. He attached to one side a }mu»$inih‘e or chick*r«»o!Ti, tor 
cherishing the chickens during a few days after incubation. 

The boiler is represented in vertical section and ground plan, in^s. 907 and 9^^. 
It is composed of a double cylinder of copper or cast iron i, /, having % pt^te i (.. 0 
plan), an aihpit at d (!,ection). Th, wattr occnpin the 
shaded space c, c. A, g, g, e, e, arc fire vertical flue, for 
^ conducting the burnt air and smoke, which first rise in the 
two exterior flues e,e, then descend in the two aiQoining 
flues 3 , 3 , and finally remount through the passages i, », m 
the Central flue A. During this upwards and downw.nr'U 
circulation, as shown by the arrows in the section, the 
products of combustion are made to impart nearly the 
w hole of their heat to the water by which they are sur- 
rounded. At the oommencenient, some hnrrilng paper or 
^ wood shavings are inserted at tlic orifice m, to est ihl.sh a 
draught in this circuitous chimney. The .air isfidoi.it'd 
into the ashpit at the side, in reguiafttl 'puimitie,. throu.:h 
a small square door. mo-. ahfi* round a riwl which runs 
horizontally along its middle line. This swing valve is 
acted upon by an expanding bar (see HF.aT-lU-uri.AToB ), 
which opens it more or less, according to the lenipcralnre 
of the stOTe apartment in which the eggs are placed. 

_ i> is the upper orifice of the boiler, by which the hotter and con.sequentlv lighter par- 
ticles of the water comifinaUt ascend, and arc replaced by the cooleti particles, which 
enter the boiler near its ^0$UW, as shown injSg. 989 at r. Into further details relative 
to the boiler it is needless to Mter ; for though its form, as designed by M. lionneroain, 
is excellent and most economical of heat for a charcoal fire, it would not suit one of pit- 
coal, on account of the obstruction to the pipes which would soon be camw'fl hv its soot. 

In Jig. 989 the boiler is shown at B, with the roihwhich regulates the air drior of the 
ashpit. D is a stopcock for modifying the opening by which the hotlar particles of 
water ascend ; o is the water pipe of commnnicatioD, having the heating pipe of dis- 
tribution attached between E f, which thence passes backwards and forwards with a 
very slight slope from the horizontal direction, till it reaches the poiissim. re o p tj. It 
traverses this apartment, and returns hy n B to the orifice of the boiler H, where it tarns 
vertically downwards, and descends to nearly the bottom of the boiler, discharging at 
that point the cooled and therefore denser particles of water to replace those which 
ccaitinuafly issue upwards at D, e R isa tnhe surmounted with a funnel for keeping 
the range of pipes always full of water ; and R is a siphon orifice for permicting the 
escape of the disengaged air, which would otherwise be apt to occupy partially the 
pipes and obstruct the aqneoas circulation. 
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The faster the water £:<’ts cool< <1 in the serpentine tu}>e<5, the quicker its circulation 
will he, lK‘cau«e the dilltreuee of uiusity between the water at the top and bottom of 



th‘ hn.I. r. which is the sole cause of its movement, will he greater, n represents 
small saucers hlicd with water, to supply the requisite moisture to the hetRed air, and 
tn place the eggs, arranged along the trays 3i M, in an atmosphere aiuifogoas to that 
uti'hT the body of the hen. 

\\ U> wi’ wish to hatch rtrgs with thi« apparatus, the fire is to be kindled in the 
bo;i« r. :is as tli«- tt oip( ratun* has rjscn to about 100° F.. the eggs are intro- 
. !.,,t < ni\ on.'-tw ^ ni’- ill <»r flu* w Iiolo nnmhcr infendcd, upon the first day : next 
d.y\ a hkr i.uiiih. r la '1 tin- 1 !.»> s, and tluis m sucrtssion fi>r twenty days, so that 
iip<»n 111 *- tw. lii'ii (!.i\ tb*' « iijM ].i.,oid may ho hatched for the most part, and 
w o jn.iv obtain *]aiU att< i m ar-lv an o«jn il iiumlH r of chicks. In this way regularity of 
car*- is <-s!ahlj.sho*i in the r*aring «*f th»in. 

Huring the first days of incubation, natural as well as artificial, a .small portion of the 
w.atcr contained in the egg eraporates hy the heat, through the shell, and is replaced by 
a like qiiantJfv of air, which is aficrward.s useful for the rc.spiratioii of the animal. If 
the warm atmo'-jilu-ri- surrounding the eggs were very dry, such a portion of the aqueous 
part of til*' cgtjs w onld evaporate through the pores of the shells as would endanger the 
future hiV of the duck j;j oio. The transpiration from the body of the hen, as sits 
upon her egg", counteracts this desiccation in general ; yet in very dry weather many 
hatching eges fail from that cause, unless they be placed in moist decomposing straw. 
The waivr saucers n n are therefore essential to success in artificial incubation. 

After the chickens are hatched they are transferred into the nursery, o Q, on the front 
side of which there is a small grated trough filled with millet seed. Small divisions are 
made between the broods of successive days, to enable the superintendent to vary their 
feeding to their age. 

fn order to supply an establishment of the common kind, where 100 eggs are to be 
hatched daily, a dozen of hens would be needed, and 150 eggs must be placed under 
them, as only two-third-s in general succeed. At this rate, 4300 mothers would be 
required to sit. Now supposing we should collect ten times as many hens, or 43,000, 
we slmuld not be able to command the above number of chickens, as there is seldom a 
tenth part of hens in a bmodmg state. Besides, there would be in this case no fewer 
than 7:20 hens every day coming out -with a fresh brood of chickens, which would 
require a reginumt of siiperintendenl.s. 

Arii final Inrul>n(i<ir) by Vienna of Hot ^fincral Boater*. — This curious process hi 
describ'd v\ ry bnefi} in a letter by 51. D’Arcct The following are extracU from bis 
letter : — 

“ In June, 1825, I obtained chickrns and pigeons at Vichy, by artificial incobation, 
effected thror^h the means of the ihirmal waters of that place. In 1827 I went to the 
baths of Chaudes-Aignes, principally for the purpose of doing the same thing there. 
Finding the propriet<w a zealous man, I succeeded in making a useful application of 
this source of heat to the production of poultry. 

** The advantage of this process may be con'^prehended, when it is known that the 
invalids who arrive at Vichy, for instance In the month of May, find chickens only the 
size of quails; whereas, by this means, they may be readily supplied six months old. 

“ The good which may be done by establishing artificial incubation in places where 
hot spriiTJ^s exist, is incalculable ; it may be introduc^ into these establishments without 
at ail interfering with the medical treatment of patients, since the hatching would go 
on in winter, at a time when the baths for erther purposes are out of use. 

VouIJ. KK 
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“ Tbefcia no oAer trooble re<iuire<l in brcxvlinp chickm*, hr mean* of !i«>t baths, 
than to break the eg(!S »l the proper time; for. when the apartments ar. <■!.».- 1, the 
irboleof the interior will readily acquire a sulGcienily rleralrd and rer; eonsiani leui- 
peratnre.” 

INCOMBUSTIBLE CLOTH is a tiasnc of the fibrous mineral called amianthus 
or asbestoa. This is too rare to form the object of any considerable nianufaciiire. 
Cotton and linen cloth may be best renden'd incapable of buming with flame by King 
imbued with a solution of sal ammoniac or of alum 

INDIAN INK, or CHINA INK. A vers laantiful black pigment, the Ik’s! s an, t ,‘S 
of which are obtained from China. Many absurd stones hare heenaold al>'ui lu l,.ui 
ink. It is cotnyoacd of a very fine black, cemented together with some kind of an,ni.d 
platine. It has been thought by Prechol to be a black obtained from camphor, which 
is not improbsble. See Isa. 

INDIAN MATTING. Mats made in India firom the long graas or reed I’lipyru-t 

curt/mhoSus. 

INDIAN RUBBEB. Sec CaorTcnocc. 

INDIAN YELLOW. This is a peculiar precipitate obtained from the nrioe of the 
COST, and, according to some autf.oritics, of the camel, sBer the animal baa been eating 
decayed and yelliMr mango leaves — the Afiiwji.tlana manyifer. It appears to be eom- 
poeed of magneriawith a yellow body nhich may be prepared pure hr boiling the 
mass vriA water, to which small quantities of muriatic aciil .arc .iddi’-l. nniil the w|i..Ic 
dissolves, and then filtering. On cooling, the liquor ilcposit.s the colouring iii.iiitT in 
brilliant yellow Males, which arc termed purmr mui(A'„ncl .See fVes C'/itmuiil 
Dict'wnnry for this acid and its derivatives. 

INDIGO. This invaluable dye-stuff consists essentially of a blue colouring m,it(er. 
to which the name of Indigo Uue has been applied. This colouring matter •K'ciirB in 
the leaves of several species of plants, which, though few in number, belong to very 
different genera and orders. The only native European plant which is known wiin 
certainty to yield it is the Itatis tinctoria, or common woad. It has also been supjiosed 

to occur in the following plants, all of which are natives of Enropc, vis.; 

gli/ei/phytlwi, Cenlaurea Cl/. • .‘.f" ■ Cirer arklinvm, C.ivtti arborwnt, 

Cormiila Emerus, (ialego , . // • . ,u,hr>irhn. Iiiiili Ihhnium, Irii Otr. 

nutntca^ Eolus cornicuhtur^ Maiiciigo sitttra^ Atirniniih. pttvnnti, Vxh/ijimum <ii iru! ir. , 
Polggmum Feyopi/rum, lihiminthuH (rirta ijul/i, .Snm’m, m uHjni. Samhu, 

Scabiosa i,vccisad.adVuccinium itijrtiUur. Accordingtollie invc-stigalioiisoftiuibert and 
others, however, none of these plants afford any indigo- blue, though several of ihiin, 
such as the Mercurinlis pcmini.t, contain a blue colouring matter of a peculiar nature’. 
The indigo-bearing plants growing in tropical countries furnish far more indigo-blue 
than the fmlU tinctaria. Such are ttie various si'ceies of Jnilignfera, natives of the 
East and West Indies, the Aerinm tinrlnrium and Cal'iiilhc fmilnMia of Ilindostan, 
the Archpias tinctoria and .Wtrs.hnm tmrh.ria of Suoiain, the P„h/i)nnum t.nrtorium, 
the /nahs iniligotica, the .Iiistina tmetorm, and the Jlhtia TimAtrn/hVr.'of China, and the 
Amorphu yi uticora of C.troiina. Mo.st of the.se plants belong to the natural order 
Leguuiinosffi. The others belong respectively to the orders L'nicitVra;. .Vpocvneie. 
Asclepiadex, Polygonetn, Acanth icem, and Orchidete. Infligo blue has somidiines 
been observ^ to form in the milk of cows, especially such as have been fed exeln- 
sively on saint- foin. It has also been found by Prout, llassall. and othe s in the 
urine of individuals suffering from various diseases, and Schunck has latelv shown 
that the urine of men and animals, even when in a perfectly healthy state,* niav be 
made to yield indigo-blue in small quantities by treatment with strong acids. Hence 
It appears that this colonring matter may be obtained from a variety of sources though 
It H nowhere found m great abaodaoce. 

The use of woad for the purpose of dyeing blue seems to have been known in 
Europe from the earliest times. We are fold by Casar that the Britons stained their 
bodies bln ■ with woad. in order to give themselves a more formidable appearance in 
battle; and Phny informs us that their women, before entering on certain sacred rites, 
which were performed in a state of nudity, employed the same means of cqilouring their 
bodies, whereby tliey acquired the appearance qf negroes. During the middle ages 
tbe cultivation of woad was carried on very extensively in several countries of Europe, 
specially in Thuringia in Germany, in the province of Languedoc in France, and in 
the neighbourhood of liieti in Italy.^ The leaves of the plant were ground into a 
pulp, and then snbmitted to a long process of fermentation, by which means they 
were converted into a mass of a dark colour which was moulded into balls for the 
use of the dyer. tSee \Voa.d.) No attempt to extract the blue colouring matter 
from the plant seems, however, to have been made before the commencement of the 
present century. 

Whether indigo in its present form was known to the ancients has been doubted. 
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PJinf and Dioscoridcs r<'fer to a pi^icnt called Indicymt which jiccms to have been of 
a bine colour, tboo^b tin rc is httlc doubt that the article to which the name Indicum 
ni-^rum wits ai*plii'J w.is itliniual with our Indian ink. Of indicum PHuf says that 
i: coinc-i fnuu ludia .ind I'v ob!u»ntHl from the slime adhering to reeds; that it is black 
vhcu rubbed, but of a fine mixture of purple and blue when dissolved ; and that 
ih» re IS .luoth- r kind which is found shimming on the dye-vessels where purple is 
d\ed. tb s Ik ng the .■^cum of the purple-fish. He adds that those who adulterate 
indu uui d^o p geon’» dung or chalk with woad, but that the genuine substance may 
K- k’:o\» n by heating it, when it gives a beautiful purple vapour and emits a smell 
J'ke* that of the sea, and for ibis reason it has been supposed to be obtaine<i from the 
rocks. It can hardly be doubted that in this passage indigo is referred to, and that 
the st^cond kind of indicum mentioned by Pliny consisted probably of the scum of 
indigo-hlue found floating on the surface of the liquor in which the dyeing uas per- 
b'rnitd. It seems, however, that at that time the colouring niattei^was not so com- 
jiar.it' '1 fi<-iu the (.iher ^c::^.table matters of the plant as at the present 
j I ''.un e«'l- nrvd with voad uould bear very little resemblance to 
« ur j-T.v. i,t ij.'iign, I ui woldd be a fair imitation ^f the preparation usually made 
lr>,n N'.u.itl. It is piol able, tlu refore. that at that period the process of manufactufTng 
n-'b::-> "as a \ery rude one, and consisted merely in the separation of a portion of 
Ntaeiabie from the remainder. K\<n at the present day the natives of some 
< -Mintra s, where the arts have not attained any high degree*of development, produce 
:i’i article from indigo- bearing plants which serves the purpose of dyeing blue, though 
rot much resembling indigo in apptarancc. In Sumatra, for instance, as Marsden 
ns. the na^ive'^do not mami'acture indigo into a solid substance, but leave the 
St i.kv .Old br.im’li.’« f-tr sonn d.ns invaterto soak and macerate, (hen boil it, and 
" «'i k « ith till ;r lull’d- ?*' me ( ’ utuun (qmrkliine) among it. with leaves of the pacoo 
v //'»/ ^ .1 ‘.p' « i. >; of 1. i n ' for fixing tbe eobmr. af er whit li they drain it off and use it 
111 thr l.>jnid vt.iir <).itb' w<st « o:iM of Africa the leaves ttf tbe indigo plant are 
lu-'iilded into balN. w bn h au-tlnndrn d in tbe sun and stored up until they are 
w.Tniitb 'Dos. b.^ils, w lt,( h ha\e a sbcht blue lint. m:i> be j<reserved a long time 
and be transported to great distances. ^Vhen they are to be used for djelng they are 
broken and ixcIucchI t<j a fine powder. Thi.s powd«*r is tlieii iniM d w ilh water to which 
the a^ics of a ccrUin plant are added, and the liquid is boiled in large earthenware 
v< ss<ds of a conical form. wb< n it as^units a deep blue colour and is then ready for 
dvi ing the fabrics winch are plunged into it. 

The ariielc known as indigo m the middle ages must have been very similar to the 
indigo «>f tile j rc-'ent dax ; for thougli Marco Polo had described the manner in which 
the substance was priKluced from the plant, it was for a long time considered as a 
mineral ; and exen in the letters patent obtained in 1705 by the proprietors of mines 
in the primupality of Halberstadt, it was classed among minerals on account of which 
xrork« were suffered to be erected. 

Indigo seems to have been first extensively used in Europe by the Jewish dyers, 
who intnxiuced it into the dye-houses of Italy. It was not, liowever, imported in any 
large quantities until the discovery of the passage round the Cape of Good Hope. 
At the beginning of the 1 7th century, the Dutch commenced carrying on an exten- 
sive trade with the East, and indigo was one of the articles which they imported in large 
quantities into European countries. Its U‘=e was found to he attended with so many 
advantagi's, that the employment of woad for the same purpose was gradually aban- 
doned. "The colour produced bv it was more brilliant and far cheaper than the blue 
frr 71 M oad. On th<- other hand it was asserted that the gootls dyed with mdigo faded 
rapidly, and that the vitriol and other corrosive substances used along with it caused 
them, after some time, to rf)f. At the same time tJie exportation of large sums of 
money in payment for indigo, and the rapid decline in the cultivation of woxd* which 
liad previously furnished occupatitm to great numbers of people in varioos couttiries of 
Europe, and had been the source of great wealth to individuals, caused so much iriann, 
that the most stringent measures tfere adopted in order to prevent the use of indigo 
in dyeing. decree of the Germanic diet held at Frankfort, in 15<7, prohibited, 
under the severest penalties, tbe newly invented, peroicions, deceitful, eating and 
corrosive dye, called tbe debits dpe, for which vitriol and other cheaper materials were 
used instead ot woad. This prohibition was renewed in 1594 and 1603, In the year 
1650, tlie Elector of Saxony prohibited the sa*e and importation into his dominions of 
all fabrics dyed wi* other materials in the place of woad. This was followed by an 
imperial mandate issued from Ratisbon, in the year 16.54, forbidding the importetion 
and the use by dyers of indigo and other injurious substances, and threatening with 
punishment and the confiscation of their goods all persons who should offer for sale any 
cloth dyed with forbidden and d .ceitful dyes instead of with the permanent colour of 
woad. The people of Nuremberg even went so far as to compel their dyers by law 
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aoDiudlT to take oetb, not to employ indifio, ami thU wa» continued down to i vety 
recent period, though it was well known that its use was indtspensahU- to tin m. lo 
France, the use of indigo was forhidden in I '> ■•(, in cons. nuciice of an nrgi nt reprem n- 
tation by the stales of the province of l.angiiedoe, and tins pnihibition was sft* rwards 
repeated sereral times. But in the well known edict of li.iisi, in winch t'ollwrt n| a. 
rated the fine from the common dyers, it was stated llwl indigo should Ix' us.-d with- 
out wood ; and in 1737. dyers were left at lihi rty to use mdigo alone, or to employ a 
mixture of indigo and wood. In Kngland the tiw of indigo was also rorhiddeii, and 
hy an act passed in the reign of F.lilaheth, s* arehers were authorised to burn both it 
and logwood in eeery dye-boose where they could lie found. This act reuiaiuid in 
force for nearly a century. . , , 

It has been doabted whether the plant which is employed in .Vmer.ca for the 
manufacture of indigo is a native of that continent, or whether it was intnxluc.d l>r 
the Spaniards. It waa remarked by the finil voyagers on the new continent that the 
Datives coloured their bodies and dyed their atuffs by means of indigenous plants 
which resembled the indigo plant of Asia. Fernando Coliimbtis, in the life of his 
father, says, that this plant grew in a wild state in the West India talands. and that if was 
coTTivated tor the parpose of obAlning from it a blue pigment. Hemandca mentions 
it among the native plants of Mexico, and says, that the Americana use<I it for dy cing 
their hair black. He adds, that they made from it a pigment, which tin y named 
mohuitli and ffeacAaiffi, tha same as the citmUim of the Intins, and he descnties also 
the method of preparing iL Nevertheless it appears that the Inil>ij«f(rn iinch ria and 
Anil were really introduced into America by the Ispaniarda, and were the plants em- 
ployed by them for the maiinfacturv of indigo in Mexico, Guatemala, and St, Ikomingo, 
though some of the varieties produced by the influence of the climate and soil differ very 
widely in appearance from the parent stock. The manufacture of indigo sras at one 
time carried on extensively in Central America and the West India Islands, and these 
conntries formerly supplied the chief portion of the article consamed in Europe. The 
indigo of Guatemala at the same time surpassed all others in qnality. In cociMqacnce 
however, of the political disturbances in America, and the gri'at improvementt which 
have been effected in the manufacture of indigo by the zeal and pi rsi v.-rancc of our 
conntrymen m the East, its production in Amenro b.as diiniiii-lii d vuy niiicb, and nt 
the present day, the indigo consumed m Europe is dermd i-hu lly from Iiidi.i, ai.d m i e 
especially from Bengal, Oude, and Madras. The rcmaiiHUT is imporud from .l.i\.i, 
Manilla, the Mauritius, and Senegal in the eastern lu inisfiberc. and from I’.iraecas, 
Brazil, and Gautemala in the western. The E.ast Indian and Brazilian iiidi.o eomi s 
packed in chests, the CiiateDiala in ox hides, called $eri>ni. Its (jiiality dc|a'iid' upon 
the species of the plant, its ripeness, the soil and climate of its growth, and the mode 
of manufacture. 

The plants which are cultivated in the East Indies, arc the IiuVi)(]ftra tinrtona, 
Anily dispfrma and p^eudo-tinctona. The districts of Ki-henairar. Jessore. and Moor- 
shedabad, in Bengal, ranging from 88^ lo 90 cast lat. and to 24^ north long., 
produce the finest indigo. Tiiat from the districts about Burdwan and Benares is of 
a coarser or harsher grain. Tyroot, in lat, 26'’, yields a tolerably good article. The 
portion of Bengal most propitious to the cultivation of indigo, lies between the nwr 
Hoogly and the main stream of the Gangiw. The ground h.aving been ploughisi in 
October, November, or beginning of December, the seed of the indigo plant is sown 
in the last half of March or beginning of April, while the soil being neither too hot 
nor too dry, is most propitious to its germination. A light mould answers best ; and 
sunshine, with occasional light showers, are most favourable to its growth. From 
twenty-four to thirty pounds of seeds are required for sowing an acre of lami The 
plants grow rapidly, and will bear to be cut for the first time at the beginning of July, 
nay, in some districts, so early as the middle of June. The indications of maturity 
are the bursting forth of the flower buds, and the expansion of the blossoms ; at which 
period the plant contains most colouring matter. Another indication is taken from 
the leaves ; which, if they break across, when doubled flat, denote a slate of maturity. 
But this character is somewhat fallacious, and depends upon the poverfy^r richness 
of the soil. When much rain falls, the plants grow too rapidly, and do not sufficiently 
elaborate the blue pigment. Bright sunshine is most advantageous to its production. 
The first cropping of the plants is best ; after two months a second is made ; but at 
the present day, planters never undertake a third or fourth. 

Two methods are pursued to extract the indigo from the plant j the first effects it 
by fermentation of the fresh leaves and stems ; the second, by maceration of the dried 
leaves. 

1 . From the recent leaves. — In the indigo factories of Bengal, there are tvW large 
stnne-huilt cisterns, the bottom of the first being nearly upon a level with the top of 
the second, in order to allow the liquid contents to be mu out of the one into the other. 
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The uppermost is called the fermenting vat, or the steeper ; its area is 20 feet square, 
and its depth 3 feet ; the lox ermost, called the beater or beating vat, is as broad as the 
other, hut one third longer. The cuttings of the plant, as they come from the field, 
are stratified in the steeper, until this is filled to within 5 or 6 inches from its brim. In 
order that tin’ pi ml. during its fermentation, may not swell and rise out of the vat, beams 
of wooil and twigs of bamboo are braced tightly over the surfiice of the plants, after 
which water is pumped upon them until it stands about 3 or 4 inches from the 
eilge of the vessi l. An active fermentation speedily commences, which is. completed 
w ithui U or l.‘i hours, a little longer or shorter, according to the temperature of the 
air. the prevailing winds, the quality of the water, and the ripeness of the plants. 
Nine nr ten hours after the immersion of the plant, the condition of the vat must he 
examined ; frothy bubbles are then seen rising like little pyramids, at first of a white 
colour, but soon becoming groyish-bluc, and then deep purplish-red. The fermenta- 
tion is at this lime viol tit, the fluid being in consunt commotion, and apparently 
tKjiliug, inniimcrahle bithblcs mount to the surface, and a dense copper-coloured scum 
COM r« the whole long a.s the liquor is agitated, the fermentation must not be 

diMiirhi-.l ; hut whiui it tv como more tranquil, the liquor is to be drawn off into the 
loll, r . i-t.Tii, It it of the utmost conscqiuiice not wo push the fermentation tooefar, 
b.o.ni-e tile .ju.iliij (d' the whole indigo is thereby deteriorated j but rather to cut it 
short, in wliu h case there is. indeed, a lo.ss of weight, but the article is better. The 
Ir.pior possesse.s now a gli.stening yellow colour, which, when the indigo precipitates 
changes to green. The average temperature of the liquor is commonly 85° Fahr. ; 
Its specific gravitj at tile snrf.icc is I OOI.5; and at the bottom 1 00.3, 

.As soon as the liquor has been run into the lower cistern, ten men are set to work 
to Ik at It with oars or slmvels t feet long, called husijutts. Paddle wheels have also 
bnuitiiployd lor ih" same purpose. .Meanwhile two other labourers clear away 
the coiiii ri ssiiig be.'iuis ,ind haiiiheo.s from the snrf.ice of the upper vat. remove the 
< xhaiistcl I'l.tiii, s.'i .t to dry for fuel. el. an out the \essel, and stratify fresh plants in 
It. The f. I lie 111. d (■,, out upp, ars still gre. ii. but it has lost ihree fourths of its bulk 
in the pro. .is, .u p, m 12 i.. it j-.t cent, of its weight, chictly water and extractive 
matt, r, . 

The li.pii.r in the low. r vat must be strongly beaten for an hour and a half, when 
111.’ iiid.go Is'giiis to agglom. r.ite in thicks, ami to precipitate. This is the moment 
for jii.lgiiig whether any i-rror has Iwen conimilUKi in the fermentation; which most 
bi' coriecle.l by the op. r ition of beating. If the fermentation has been arrested too 
soon, niiieh frolh ris.'s in the be.iting, which must he allayed with a little oil, and then 
a reddish lingo app. ars. If large round granulatioDS are formed, the beating ia con- 
tinued. ill ord. r 1.1 see if they will ;^ow$maller. If they become as small as fine sand, 
and if the water clears up, the indigo is allowed quietly to subside. Should the vat 
hare over fermeutesl, a thick fat-looking crust covers the liquor, which does not 
disappear by the introduction of a fiask of oil. In such a case the beating must be 

moderated, and whet li*'--.’ '-■'e — •. und, and begin to subside, and the 

liquor clears op, the '■ ■ ■ . . ■ AV'heu the fermentation has been 

excessive, the froth or scum diffuses itselt spontaneously into separate minute particles, 
that move about the surface of the liquor. On the other band, a rightly fermented 
vat is easy to work ; the froth , though abiindaDt, vanishing whenever the granulations 
make their appearance. The colour of the liquor, when drawn out of the steeper into 
the bcuter, is bright green ; but as soon as the agglomeration of the indigo commences, 
it assumes the colour of Jladeira wine ; and speedily afterwards, in the course of 
beating, a small round grain is formed, which fills down and leaves the water trans- 
parent, when all the turbidityr and froth vanish. 

The object of the beating is threefold : first, it tends to disengage a great quantity^ 
of carbonic acid present in the fermented liquor; secondly, to give the newly de- 
veloped indigo its requisite dose of oxygen by the most extensive exposure of its 
particles to the atmosphere : thirdly, to agglomerate the indigo in dist'met flocks or 
granulations. In order to hasten precipitation, lime water is occasionally added 
to the fermented liquor in the progress of beating ; but those who manufacture the 
superior quSities of indigo, avoid the use of lime, as it has a tendency to make the 
indigo hard and red. In one side of the beating vessel a beam is fixed upright, in 
which three or more holes are pierced a few inches in diameter. These are closed 
with plugs during the beating, but, two or Jjiree hours afterwards, as tlte indigo 
subsides, the upper plug is withdrawn to run off the supernatant liquor, and then the 
lower plugs in succession. The state of this liquor affords, on being examined, an 
indication of the success of both the processes. When the whole li.juor has run 
off, a labourer enters the rat, sweeps all the precipitate into one corner, and empties 
the thinner part into a spout which leads into a cistern, 20 feet long, 3 feet wide and 
3 feet deep. W'hen all this liquor is once collected, it is pumped through a bag 
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vhicb retain* tbe impnritie* ijito a placed at the eide of ilic ci-tt-rn and 

tr> ebullition. The froth soon subside*. leaTinjf an odj Ifx.k ng film uj- a the 
The indigo U by this proces.* not only treed from the rcllovr eairartivt- ncatit r. but 
iU density and the of its ctdour ar»* increaiM'd. From the b-'iUT the uuvture 

is run, after two or (hn'c h«>«rs tnr<» a p»*m ml nveivcr. callrd i!u* i/n/'/MM./ »,»/ fvr 
which, for a factory of iwtUe pair* i»f preparathm %*ats. is ’JO feel long, lo fc« t 
and 3 feet deep having a fais** bottom, 2 feet tmdt r the lop cdg *. 'J'li-' rist^ni 

stands in a ^Kisin of masonry (made walcr-tJ«hl with t 'hunuin h\drauhc c* m« nt ih.* 
bottom of which sIojk‘s to one end, m ord« r to ficilitate llu* drainasr*’. .A ih.v'k 
woolK n Web is stretched along the bottom of the inn* r to act os a filter , b: t 

a piece of cotton cloth is generally preferred to wool, as the ba^rn which are d« faclu-i 
from the latter injure the quality of the indigo. As long as the liquor pas-ws thnnitn 
turbid, it is pumped back into the receiver. Whenever it runs clear, the receiver i* c. - 
vered with another piece of cloth to cxclnde the dust, and allowed in drain at lU b t*urc. 
Next monitng the draiiu^l magma is put into a strong bag and squeexed in a prcs«. The 
indigo is then carefully taken out of (heba^, and cot with brass wire into cnbiml pieces 
mca-sitring about 3 inches each way, which are dried in an airy house upon iheUt^ 

sucker work. During the drping, a whitish efflorescence appears ttpon the pieces, 
which most be carefully removed with a brush. In some places, particularly on 
the coast of Coromandel, the dried indigo lumps ore allowed to efflorevec in .i (\-f.k 
for SCBM time, and when they become hard they arc wip* d and packed r >r < vp><rta* 
tion. 

From some experiments it would appear that the gan di^cnna..'* d during the middle 
period of the ferraeotation is composed in loo part-t of 27 » urbonic arul. ;> s g. n. 

and 66*7 nitrogen; and towards its conclusion, of 4o .*> carbonic rcwI 4 .'> oxygen, and 
55 0 nitrogen. C’arburettcd hydrogen docs not s«'cm to be dis»'iigagcd, Tl;al the 
liquor in the beating vat absorbs oxygon from the air in proportion as thcindur* 
becomes floccnlcnt and granular, has b»*cn ascertained by experiment, as well as that 
sunshine accelerates the separation of the indigo-bhie. Out of 1000 parte of the 
fermented liquor of specific gravity l*oo.3, the blue precipitate may constitute 0*75 
of a part. Such a proportion upon the great scale, is however, above the average, 
which is not more than 0*5. When lime water is abided, an cxtraciivo matter is 
thrown down, which amounts to from 20 to 47 parts in Iixmi of tlic Iiq..i.r. It h:l^ a 
dark brown tint, a viscid appearance, an unpleasant snuU, and a biti< r tiv> It 
becomes moist in damp air, and dissolves in water without <Ucoinpostil(>;i. U is 
precipitated by lime, alkalies, infusion of galls, and aceuate of lend. Ail indigo con- 
tains a little lime derived from the plant, even though none has been used in its pre- 
paration. 

2. [nfli(jo from dried Ir/tves. — The ripe plant being cropped, is to be dried in sunshine 
from 9 o’clock in the morning till 4 in the aficrnoon, during two days, and threshed 
to Separate the stems from tiie leave*, which are then stornl up in magazines until a 
sufficient quantity is collected for maiiufaetnru.g operation*. The new ly dried leave* 
inn«t be free fiom spots, and friable between tlie finger?. W hi ti ki ]'t 'Ir\. Ihr !■ ,iM 5 
undergo in the course of four ucik^. a iiiatenal clianpo. their l.eaaf.ful gre. n tint 
turning into a pale bluish-prey, previous to wbu-li the leaves afford no indieo by 
inaceration in water, but subsequentlj a large quantity. Afterwards the product 
becomes less considerable. 

According to some manufacturers, the plants should he cut down in drv weather, 
an hour or two before sunset, carried off tbe 6cld in bundles, and immediately spread 
upon a dry floor. Next morning the reaping is resumed for an hour and a half, 
before the sun acts too powerfully upon vegetation, and the plants are tr. ated in 
the same way. Both cuttings become sufficiently dry by 3 o'clock in the afternoon, 
so as to permit the leaves to be separated from the stems by threshing. Tin v are 
nine (hr .uglily dried in the sunshine, then coarsely bruised, or sometimes ground to 
powder in a null, and packed up for the operations of mannfactnro. 

The following pr' ce«s is pursued to extract injjigo from tlu’ dried leaves. They 
are infused in the stecpins vat with six times their bulk of w.itiT. aj^d allowed to 
macerate for two hours with continual stirring fill alt the floating leaves sink. The 
fine green liquor is th n drawn <.f into tbe beating vat, for if it stood longer in the 
steeper, some of the indigo would settle among the leaves and he lost. Hot wafer, 
ns employed by some manufacturers, is not necessary. The process with dry leaves 
possesses this advantage, that a provTsion of the plant may made at tbe most 
suitable times, independently of the Ticl.s,sitnde.s of the weather, and the indigo 
may he unifomly made : and m<ireover. the f.rmentation of the fresh leaves, often 
capricious in its coarse, is superseded by a much shorter period of simple jnaeera- 
tinn. 

\t e are indebted to Dr. Roxburgh, for a description of the method employed for 
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manaikctttring indigo from l)w Senum tinci^rium or Wrujhtia tincLtrla. (Vide Tran* 
sactioQA of the Socieij of Arts, voL xaviiL) This plant, which attains the size of a 
stirall tree, is found ou the lower regions of the inoustainous tract near Rajamuodry, 
and al^o on hills in the neighbourhood of Salem mod Pondicherry, and grows in a 
sterile os well as rich soiL The leaves begin to appear in March and April, and 
at the end of April have attained their foil siae, when they are re^y for gathering. 
At the end of August they begin to mssnme a yellowish rusty colour and soon fall 
off The leaNes >ield no indigo ontil the plant is several years old, but the best 
leaves for making indigo are oUmined from low busby plants. They improve when 
kept for a day or two, bat when they begin to wither, they yield but a small portion 
of very bad indigo, and when quite dry only a dirty brown fecula. In this they 
differ from the l^ves eff the common indigo }>]ant, which may be dried before ex* 
traction without loss o€ colour. They also dilkr from the latter in not yielding their 
colour to cold water. With cold water only a bard, black, flinty snbstance is ob- 
tained, not blue indigo. It i** iluTcfore rucessary to employ hot water, which ex- 
tracts the colour MT> n.idiU. The le.i\is having been collected, are on the ensuing 
day thrown into c«»|»|Hr scalding vessels, which are then filled with cold water to 
wulmi '2 or :i nicln s ..f tlu* top. Hard water containigga large quantity of bicarbonate 
of inne is bittir adaptcl for the purjiose than rain water. The fire is then hgnted 
and nuiintained rather briskly until the li<{U(>r acquires a deep green colour. The 
leaves then begin to assume a yellowish colour, the heat of the liquor being about 
l.'iO'^ to 160° Fahr The Arc is then removed and thtf liquor run off into the Iwating 
* vau Here ills agitated from 5 to 20 minutes. It is then mixed with about to ^^h 
part of lime water, which produces a speedy granulation. After the indigo has subsided 
tin* su|H.‘rnatant liquid appears of a dear Madeira wine colour. The quantity of indigo 
ol't.mu d. amounts (<» 1 In. from 250 lbs. of green leaves ; but it varies according to the 
se.i'.nn and tin* state of tlic weather. In August and September, the produce is only 
iHie-ti.ilf or two-tiiinls of wliai it is in May ami June, and even that is diminished if 
the weatlu r i*- wi t. <'r tie U av<s ar«- treated immediately after being gathered. The 
M'alding nqiur'S alniut time lunu'-, an<l tlie ai:itai;on and precipitation the same 
time. Tim nidi::<' i*- mij'ro\id by tnatmg jt with a little sulphuric acid. The only 
fatiU It has is. that it breaks into small pieees, unless it has been dried slowly in the 
shade protected from the sun. 

Ill the southern provinces of China a species of riuiifjnfcra is extensively culti- 
vated for (he sake of the dye which it affords. In the nouhern provinces two other 
plants are cmploud by the mhabitants for the same purpose. Mr. Fortune, the 
well-kijown ( liuuse traveller, to wh<im we owe the description of these plants 
and of the pruco'.t of ninnufacturing indigo from them, states that one of them is 
grown in the neig!il>ourhood of Shangliae, and he has given it the name of /satis 
intHgoticn. The other, which is a species of Justicia^ is largely cultivated in the 
hilly country near Ningpo, or rather in the valleys among the hUls. It seems to be 
gasily cultivated ; it grows most luxuriantly, and is no doubt very productive. 
Tlaving evidently been introduced from a more southern latitude, it is not hardy in 
(he province of Chekiang any more than cotton is about Shanghae ; but nevertheless 
it .succeeds admirably as a summer crop. It is planted at the end of April or beginning 
of May, after the spring frosts are over, and it is cleared from the ground in 
October. During this period it attains a height of a foot or a foot and a buif, i^ecomes 
very bushy, and is densely covered with laige green leav^v. Ii is cut before any 
flowers are fonned. Th€ plants are grown, not from seed but from cuttings. These 
cuttings consist aimply of a portion of the stems of the previous year, which after 
being stripped of their b’aws are tied into bundles, each containing upwards of 
1000, and kept during the winter in a dry shed or outhouse, where after being fin^y 
packeA-^-^llicr they are banked round with dry loam, and covered with straw or 
litti^' so as to protect them from the frost. During the winter mouths the euttinj^ 
rouam green and plump, and although no leaves are produced a few roots are 
' generally found to ^ fonned or in the act of forming when the winter has passed 
and the seasou for planting has colie round. In this state they are taken to the fielite 
and planted# The weather during the planting season is generally showery, as this 
4 happens about the chan^ of the monsoon when the air is charged with moisture. A 
. few days of this warm showery weather is sufficient to establish the new crop, which 
> . now goes on growing with luxuriance and reijuires little attention during the summer, 
indeed none except keeping the land free from weeds. In the country where this dye 
is manufactured there are numerous pits or tanks on the edges of the fields. They are 
usually circular in form and have a diameter of about 11 feet and a depth of 2 feeh 
About 400 catties • of stems and leaves are thrown into a tank of this size, which is 

• A Cliinese catty it equal to Ijlb. 

& K 4 
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then filled to the brim with clear water In 6vc clay* the plant i* part.jliy decom- 
posed, and the water has become ycllowish-prccn in ct>iour. .\t ili s ibe 

whole of the stems and leaves are removed from the tank with a tUllua led broom 
at bamboo twigs. When every particle has la-en removed, the workmen ein- 
nloyed give the water a circular and rapid motion with the broom* just noticed, which 
u contioaed for some time, During this part of the operation another man has 
employed himself in mixing alionl thirty catties of lime with water, whieh wau-r has 
been taken out of the tank for the purjicvse. This is now thrown into the tank, and 
the rapid eircalar motion of the water is kept up for a few minute* longer. \N In n 
the lime and water have been well mixed in this way the circular mnliun i* allow, d to 
cease. Four men now station themselves round the lank and comnnnee beating the 
water with bamboo rakes made for this purpose. The beating process is a v, ry 
gentle one.. As it goes on, the water gradually changes from a greenish hue to a 
dingy yellow, while the froth becomes of a beautiful bright blue. During ih,- prociss 
the head workman takes a pailful of the liquid out of the tank and beats it mpnily 
with his hand. I'lidcr this operation it changes eolonr at once, and its value is 
judged of by the hue it presents. The beating process generally laati for about 
half an hour. At the end of this time the whole of the snrfiue of Ibe liquid is 
co^red with a thick coating oi froth of the most brilliant colours, in whicb'Une 
predominates, especially near the edges. At this stage, it being desirable In incor- 
porate the firotb with the liquid below it, it is only necessary to throw a small qiiantily 
of cabbage oil on the surface of the froth. '1 he workmen then .stir and b, at it 
gently with their flat brooms for a second or two, and the whole instantly disajqH-ars. 
The liquid, which is now darker in colour, is allowed to repos ■ for some limirs. 
nntil the colouring matter has sunk to the lower sti.atiiin. when ahoiii two thirds of 
the liquid is drawn off and thrown away. The remaining third part is then drawn into 
a small square tank on a lower level, which is thatcheul over with straw, and here it 
remains for three or four days. By this time the colouring matter has separated 
itself from the water, which is now entirely drained off, the dye occupying three or 
four inches of the bottom in the form of a thick paste and of a beautilid blue colour. 
In this state it is packed in baskets and exposed for sale in all the country towue in 
this part of China. I.ike the Shanghac indigo, made from /wft'v imlipntica, it is 
called ** TUn-ching*^ by the Chinese . — Ciardiiirs Chromrlr it/nl .ignnilfttriil 
April Stb, ld54. 

The cultivation of indigo in Central America, has fallen off very mneh of l.tte \ e.ar.s. 
Nicaragua formerly exported annually about 5000 bales of 1.50 lbs. each. At present 
the export probably does not exceed 1000 or 2000 bales. Under the government of 
Spain, the state of San Salvador produced from 8000 to 10,000 bales annually. A 
piece of ground equal to two acres generally produces from 100 to 120 It's, at a 
cost of not far from 30 to 40 dollars. 

There is an indigenous biennial plant abounding in many parts of central America, 
which produces indigo of a very superior quality, but gives less than half the weight 
which is afforded by the cultivated species. The Iwlii/nfcrn ,/nprrmn is the species 
employed in cultivation. It attains its highe.st perfection in the richest .soils. It 
will grow, however, upon almost any soil, and is very little affeted by ilrouglit or 
■ by su perabundant rains. In planting if, the ground is perfectly cleared, u.sually 
buRlt^wv«,_nj>d divided with an implement re.scmbling a hoe into little trenches, 2 
or 3 inches in depth^wBcCy^or 14 apart, at the bottom of which the seeds are strewn 
by hand, and lightly cOyefed~wwh.eart[n__A bushel of seed answers for 4 or 5 acres 
of land. In Nicaragua it is usually the close of the dry se.ison in 

April or May, and attains its perfection for the pni$bse-.tjugnufactiire in from two 
and a half to three months. During this time it ret^uires tobe^Srefvdly « ceded, to 
prevent any mixture of herbs, which would injure the qoality of the indigo. When 
it becomes covered with a kind of greenish farina, it is in a fit state to be Cat. This 
is done with knives at a little distance above the roof, so as to leave some of the 
branches, called in the We.st Indies “ ratoons,” for a second growth, which is also in 
readiness to be cut, in from six to eight weeks after. The crop of the first year is 
usnally small, that of the second is esteemed the best, although that or'tho third is 
hardly inferior. It is said that some fields have been gathered for ten consecutive 
years without being re-sown, the fallen seed obviating the necessity of new plantings. 

After the plant is cut, it is bound in little bandies, carried to the vat, and placed in 
layers in the upper or larger one calleffthe steeper (mojadora). This vat holds from 
1000 to 10,000 gallons, according to the requirements of the estate. Boards loaded 
with weights are then placed upon the plants, and enough water let on to cover the 
whole, which is now left to steep or ferment. The rapidity of this process depends 
much upon the stale of the weather and the condition of the plant. Someti^W it is 
accomplished in 6 or 8 hours, but generally requires from 15 to 20. The proper length 
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of time is determined by the colour of the fiiturated wafer ; but the great secret is to 
check the fernienfation at the proper point, for upon this, in a great degree, depends 
llu* quality of the product. Without disturbing the plant, the water is now drawn oft’ 
by cocks into the lower vat or “ beater** (po^t>efldoro), where it is strongly and inces- 
santly beaten, in the smaller estates with paddles by hand, in the larger by wheels 
turned by horse or water power. This is continued until it changes from the green 
colour, which it at first displays, to a blue, and until the colouring matter, orflocculae, 
shows a dis])osition to curdle or subside. This is sometimes hastened by the infusion 
of certain herbs. It is then allowed to settle, and the water is carefully drawn off. 
The pulp granulates, at which time it resembles a fine soft clay ; after which it is 
put into bags to drain, and then spread on cloths in the sun to dry. When properly 
dried, it is carefully selected according to its quality, and packed in hide cases, 150 Iba. 
each, called serons. The quality has not less than 9 gradations, the host being of 
the highest figure. From 6 to 0 are called Jiores^ and are the best; from 3 to 6 
cortes : from 1 to 3, inclu<;iv(\ mfm v. The two poorer qualities do not pay expenses. 
A vvtnsawi of lin) ynrls square produces on an average about one ceroon at each 
cuftiiitr. Aftir the ])lant lia*^ passed through the vat, it is required by law that it 
sluill bf (Irii'l and burnt; Ivcause in decomposing; it generates by the million«an 
annoying nisvcl oalio'l the “indigo fiy.” 

The following «aocount of the manufacture of indigo on the Senegal is taken from 
Perottet's “ Art de I'lndigotier ” ; — 

'Fhe lan<I destined to the cultivation of the plant ought to be perfectly level and 
^ free from undulations, so as to prevent the seed from being washed into the hollows 
or lower l arts by the hea\y rains so frequent in the tropics. Soils of a greyish colour 
alK>iui ling in clay are not«edaptcd for the purpose, as they are too compact and cold. 
San Iv S'*il, of a whitish colour must also be avoided. Light soils, abounding in 


humus or -ogrtablo remains, and having a colour between grey and dark brown, 
ar<‘ to b“ jr-fund to all otbors The soil should, at all events, not be 
rvtvniive ot moisiurc, ’I'he qn.intity of indigo ohiaiiied from quality also 

plant m,i> viry. m.-imding to the M>iK from 4 lbs. to 10 ig'rMuired for the 

Ml a use of manure becomes 

pro.lu. iion of 'ndigo on a largo scale is so , he refuse of the plant, after the 

aluu)-t in.poss.hK Nevertheless the y-mClVh ;^ntatioDs, is found to be attended with 

a wooden mortar aud reduced to fragment^ and the 

Wd e^sttud ^1’vlnly as ^ibTe*;’" It should uL place, if possMe. just before ti>e 

Boi/ The Indiqofera tinctona, and its varieties »iacrocar/)a and fmaryinotu, bei g a 
riant with numerous crowded branches, it is not nccessarv, >» sowing it, to take mo e 
!u* c a tn kiloffTs of seed to 1 arpenlof ground ; but the IndtqoftrJ and, being 

Sz I- r“‘'“ “ 

“n-x" „ -i.. •hxjs*. 

their appearance and commenced to interfere with the grow Sants to attain 

season IS f.nonralile three months arc generally sufficient to P'f”® 

tre degree of development necessary for the n'T^nl 

when inflorescence commences the plant is far * . flowering and when the 

other. As soon, therefore, as lellowish 

lower leave? in the axils of which the flowers „„ time must 

tint and when '"‘’'®^“"‘^?nE|'^"effected by means of good knives or sickles, 

be lost in cutting down the plant T . ^.p- being cut, are tied t.igether into 

and as near the ground as pMSihle. The stem^after Ming principle of 

bundles or sheaves and *" e L the action of destructive agencies, 

the indigoferai is extremely cron, and to have the manu- 

it is necessary to use the ‘" Potion* that no time may he lost in work- 

factorjvof such *^™P°’2l,hered The plants must on no accent be cut when 
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Unt in ccBscqnom of the friction to which they are exposed in cauin;t them and 
—fcmg thorn to the monofactory, this tint betn^t a >i{?n of the disappearance of the 
eolooruig mattor. Besides this, it has been observed that during the coiUtt.uancc of 
fain the indigo-prodneiog principle diminishes very considerably, and s'>n)etimcs 
even disappears entirely, so that, if cat during or Immediately after ram. the plants 
yield tittle or no indiga The indi^ plant U subject to the attack of a gm n rater- 
^llar, which stnoetimes appears in such quantities as to destroy the whole cn p. No 
certain and easy means of destroying this pest is known. It has been recommended 
to pass wooden rollers over the groand. before the plants have attained any gnat 
aiie, so as to crush the caterpillars without injuring the plants, and this plan has been 
attended with partial sacceaa. 

In order to obtain good results in the manufactare of indigo, it is necessary that 
the plants phould be of the same age, of the same species, and from the same held. 
The Iniiigofera anil begins to ferment several hours sooner than the /. 
so that if a mixture of both be taken, the produce fVom either one or the other will be 
lost, and the indigo obtained will also be of a bad quality. The plants should, as 
soon as possible after being gathered, be placed in the steeping vat, which is a ve«s4d 
built of bricks, and well lined i^ith cement, from .3^ to 8 metres ia length, of the 
same width, and about I metre deep. In this vessel the plants arc arranged in sue* 
eessire layers, the lower layers being slightly inclined towards one end, m order to 
tiieititate the subsequent running off of the liquor. The vessel being full, a numlK>r 
of poles of fir-wood are laid lengthways over the plants, at a divtanee of lf *2 mill, 
from one another. Three beams are then laid crosswise o\er llie iwdes. ihi-ir mds 
being well secured by passing them through slits which on* cut in tl •' i.pt 
posts at the sides of the cistern, and then fixing them by iBcans of Iron pin-, j 
through holes in the posts. Ily this means the plants are prevented from r <> 111 - aboc 
the surface of the liquor daring the process of maceration. The vat iit now fiht d 
'^^er from an ^jacent cistern, in which it has been allowed to stand for 24 
pgrtK^* of allowing all foreign matters contained in it to be depo- 
Iwirin. to *“ Contact with the leave* for about 6 boon, > okmge tnaallr 

be^careful^ tratehcTj^^Si^'*'"”'.- ">’*»< f™™ that lime tonr«rd. 

when a little of it on K'lnp: kept J 
sion of harshness (apreti) on tlie tongtuT 
lion is complete, and that the' liquor sfi.mU he arSw,._ff „ nl,, 
not done,^ the colour of the liquor chanftes from green to tm, 
fermentation commences, accompanied by the formation of aclfe th 

plant begins to yield substances of a mucilaginous nature, .MiT TSSTTi” !? 
indigo, and completely spoil its quality. It is therefore of the greatest impor-oe 
to ascertain exactly when the maceration of the plant is compIeTo. The f^owir 
are the chief indications of this point having been atlaincd 1. When the wati 
which was at first clear begins to become muddy and acquire a slight greenish ting. 

2. SV lien bubbles of .i greenish colour rise to the surface here and there n Wh^ 
towards the edge of the vat some mucilage, or a kind of greyish scum, commences t 
formed. 4 hen a very slight purple pellicle is observ«l on the surface of th 
liquor, espcially near the comers of (he vat. .5, When the liquor begins to exhale 
slight but not disagreeable odour of herbs. When the fermentation has nrnpceilc 
w phenomena present themselves :-l. A considerable quantity o 

large babbles of air are disengaged, which burst at the surface, forming a layer o 
greyish mucil^. 2- The surface of the liquor becomes covered y>itb a copper- 
coioured pelhcle. 3 A heaving of the liquor in the v,t i. observed, giving to 

to the water. 4. The liquor acquires a fetid smell, a strongly acid taste and a soaov 
appearance. These phenomena manifest themselves when the weather is hot after 
the fermentation has continued about 12 or 14 hours. It then becomes impossible to 
obtain indigo of good quality, the only product being a black matter resembling wax 
The liquor is now run o« from the steeping vat^into the beater, which is a cistern 
of about the samp dimensions as the former, but situated at a rather lower'Tevcl Here 
It IS subjected to the beating process, the object of which is to expose the rediic d 

disengagement of 

Stas P"'''"'"'®'' by men, who. provided with 

rffiei ‘1.“''* rapidly, .so as to bring every part of it successively into 

rtahf importance that this process should be broken off at the 

L w i V r** •''® 8^“'" a‘ first will rediwolvc 

arrived a nort’ ^ of’.n** “‘her hand, it he arrested before the proper time has 
arrived, a portion of the mdigo will remain imprccipilated. In order to ascertain in 


lathis liquor begins to ari|uire a geen colour, and 
kime in the moiiiii, haip. a slight linpres- 
t-ihile. It is a M.gntlut the mace.ia- 
"111 lelajr. If this K 
yaMtr ^eeic* 
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what state Uie Uquor U, a llitle of it most 1> poured into a drinking glass and mixed 
with an equal volume of char water. If there is formed round the circumference of 
th^- gla^s a line of a hluish-preen colour, the beating must be continued ; but if on the 
contrary the liquid appears of a uniform brown colour, and if on adding to it a few 
dri>p!» of cUar lime water with the finger the indigo precipitates immediately in grains, 
the prtH'ess must K* arrested. The beating usually occupies from an hour and a half 
to two hours. 'I’he liquid U now to be well mixed with about of its volume of 
cloar liiiie water, and allowed to rest until the iudigobas quite settled. By opening 
'“"ivt 1\ the plugs which are placed at different heights in the side of the vessel, 
the clear liquor is then drawn off in separate portions and permitted (o run away, care 
Iwing taken that none of the indigo is allowed to bo carried away with the water. 
By means of an opening situated near the bottom of the beating vat the indigo mixed 
with water is then run off, and liowisjg through a canal is received on a cloth 
stra’ner or filter. This filter r4 ‘.s on a round or four-cornered vessel, the top of 
which is on a levi 1 w iili ilu* sui f.icc of the ground, and which is called the diablottn. 
^Vh.n t)i‘* liquid has run ihrou;:h the filler, the indigo which remains behind in a state 
of p i'ite iis imx* d up a" 'in wuh water, and the mixture is poured on a canvas filter and 
ajl!)\4 4 I t<‘ run immeiliateiy into the boiler. The refine matter, consisting of leaves of 
the pl.mi. Kc , n mauiRon the canvas, while the indigo suspended in waterruns throtlgh. 
Th«' lM)iler is a vessid with sides of masonry, and a bottom consisting of a copper plate 
w hich rests on iron bars, and is well cemented to the sides. Cnderneath the copper 
plate is the fire-place. The top must be covered with a wooden lid, consisting of two 
flaps which are fixed to hinges at the sides and meet together over the (op. At the 
moment when the mixture of indigo and water U introduced into the boiler, the latter 
niu^l already be about one third full of hot water, the mixture being sufficient almost 
to fill it enurely. The heat is now raised gradually to the boiling point, and the 
boiling is rontimied for about two hours. In order to prevent the indigo from ad- 
hering to the bottom ami sides of the bolder, the liquor must be kept continually stirred 
will) .1 w(>o(bn rake. rUe object of the lunUng is to drive away all the carbonic 
aeid that still be p’\<int in the \u\\u^r. to ^uno^e the soluble extractive matters 
who'll M. u!d Vvmlt r tlio indigo dull and impure, to prevent the fermentation or putre- 
faction of the indigo winch would olherwhe take place, and lastly, to facilitate the 
suhsequent processes of filtering and pressing. Tlie fire having been removed, the 
liquor is allowed to stand for some time, and as soon as the indigo has settled, the 
supernatant liquid is draw'n off by mean.s t>f taps fixed in one of the sides of the 
boiler. The lowest tap is then <'pened, and the indigo is run off with the water and 
recoUed on a filter, consisting of blue Guinea cloth stretched on a frame. The first 
ponions of liquid wliich run through are usually coloured with indigo, and must 
therefore he caught in a suitable vessel and poured on the filter again. As soon as 
the liquid has percolated, the indigo, which is now a compact paste, is removed from 
the filter by means of a wooden ladle and put into a press, which consists of a wooden 
box pierced with boles. The press having been lined with cloth, the indigo is put in, 
the cloth is folded round it as evenly as possible, a wooden lid is dropi)ed on the 
olothj and the mass is submitted to pressure by means of a screw, until no more liquid 
nuw through at the bottom, which takes place as soon as the indigo has been reduced 
to^hout a third of its original volume. The press is then opened, the indigo is taken 
<mtof the cloth, laid on a table and divided by means of a knife into pieces of a cubical 
shape. These cubes are then taken to the drying shed, where they are placed on 
trellises covered with matting or very thin cloth, so as to admit of the free passage of 
air. Care must be taken not to dry them too rapidly, otherwise the cakes would 
crack and split into fragments, which are then of little commercial value, and it is 
therefore necessary to protect them from currents of dry air by covering them with 
canvas or Guinea cloth. During the drying procesis, which occupies from 8 to 10 
days, the cakes should be turn^ several times. They are then closely packed in 
boxes, each box holding about 2.5 kilogrammes. The boxes should be lined with paper. 

It may be remarked, that when the indigo is of good quality, the volume of the paste 
diminishes very little when subjet^ed to pressure. If the process of filtering takes up 
much time^ ind the pressing is attended with difficulty, it may be anticipated that the 
indigo will turn out of bad quality. This may proce^ from the plant having been 
overgrown, or from the maceration or the beating process having been continued too 
long, or from the employment of too large a quantity of lime water. The ditficulty 
experienced in pressing the indigo paste, and which is often so groat as to cause the 
cloth in which it is enveloped to break, is caused by the presence of a mucilaginous or 
viscous substance mixed with the indigo, which may be removed by treating the paste 
again.^with boiling water, and repeating the operations of filtering and pressing. 

In regard to the state in which indigo exists in the plants from which it is derived, 
and the nature of the process by which it is obtained, various opinions have been 
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entertwoed by chemi»t«w Bertho’let in hU’ work on dicing sav«, " that the part* 
of the pr ocess employed have each a different object. In the fir«t a fvnn. niaihm 
excited, in which the action of the atmospheric air d<H'S not iotenrfm', *ince aa in- 
flammable gas is CTolred. There probably results from it •‘>me cliaajrf in th.- r, tn- 
position of the colouring particles themselves ; but especially the m furati'-n »^r 
destruction of a yellowish substance, which gave to the indigo a grivm&h tint, and 
rendered it susceptible of undergoing the chemical action of t#ther suhsiance*. This 
species of fermentation passes into a destructive putrefaction, because the indigo has 
a composition analogous to that of animal substances. Hithi^rto the colouring {‘.ar- 
ticles have preserved their liquidity. In the second operaiion, the actum »>r the a’r i« 
brought into play, which, by combining with the colouring particles d« prises thuu 
of their solubility, and gives them the blue colonr. The heating starves, at the 
time, to dissipate the carbonic acid which is formed in the 6rst operation, and wh eh 
by its action presents an obstacle to the eomhination of the oxygen. The lu panitum 
of this acid is promoted by the addition of lime; but if an excen be iotrcKhicH. it 
counteracts the free combination of the oxygen. The third part of the proce^ has 
for its objects: the deposition of the colouring matter, become insoluble by combina- 
tion with oxygen, its separationr from foreign substances, and its daiiccaiion, which 
gives it more or less hardness, whence its appearance varies.” De (’ossigny was of 
opinion that volatile alkali was the agent by which the colouring mutter w.i«i ex- 
tracted firom the plant and held in solution until volattliMnl by the .ig;t.iii''n {vr<>crM. 
Roxburgh concluded from his experiments, that the indign {ilaiits only the 

, base of the colour, which is natiirallv green; th.it mucli earbonie aci'l .s di*«ngng*-<l 
daring its extrication from the leaves ; that the c.irbome acid i«i the ag> iit win rebj it 
' is probably extracted and kept dissolved; that ammonia is n«»l fonnrd during the 
process ; that the use of the alkalies employed is to destroy the attraction between the 
base and the carbonic acid ; and that the vegetable base l>cing thereby set at liberty. 

• combine with some colouring princi|)le from the atmosphere, forming therewith a 
’ coloured insoluble fecula, which falls to the bottom and constitutes indigo.” 

Chevreul, who was the first chemist of any eminence to examine the tndigo- 
heariog plants and their constituents, inferred from his analysi's of the fsntiM tmeUriria 
and the Indigoftra anil^ that these plants contain indigo in the whn** or reduced ifate, 
in the same state in which it exists in the indigo vat ; that in tins stair it w Ik- d m «•. 
lution by the vegetable juices, and that when the solution is removed fi om tin pl.i:.t. 
it is converted by the action of the atmospheric oxygen into indigo-blue, (iiiibrri, 
from an examination of the /satis tinctorial drew the following conclusions : — 1. In- 
digo-blue does not pre-exist in the plant, but is formed during the operations by 
means of which we believe it to be extracted, 2. There exists in a smidl number of 
plants a peculiar principle, different from all the known proximate constituents of 
plants, and which ha.s the property of being convertible into indigo; this principle 
may be called mdujogenp. .3. This principle differs from indigo in contnining an ex- 
cess of carbon, of whidi it loses a portion, in fa^^'^ing into the state of indigo-blue, by 
the action- of a small quantity of oxygrn which it tukr-! up. 4. The It«i 5 of this 
portion of carbon must be attributed to its undergoing combustion, and being con- 
verted into carbonic acid. 5. It differs in its properties from mmmon indigo in being 
colourless and soluble in water, and by its greater corabustibiilty, which causts it to 
undergo spontaneous combustion at the ordinary tenij>erature of thf* a iuo'^phere. 
6. Its ^mhustlbllity is enhanced by heat and by combination with alkalies, especially 
lime ; it is diminished by the action of all acids, even carbonic acid. Alxmt the year 
1839, the Pylogonum tinctorium, an indigo- bearing plant indigenous to China, became the 
subject of a series of investigations by several French chemists, chiefly with a view to 
ascertain whether this plant, if grown in France, could be advantageously employetl in 
the preparation of a dyeing material as a substitute for foreign Indigo. Bandrimont and 
Pelletier, after an examination of this plant, arrived at the conclusion that the indigo 
is contained in it as reduced indigo, in the same state as it is in woad, according to 
Chevreul. Robiquet, Colin, Turpin, and Joly, on the other hand, expressed a very 
t decided conviction that indigo-blue pre-exists in the plant, but not in ^ free state; 

that it is combined with some organic substance or substances, which render it soluble 
I in water, ether and alcohol ; and that the operation of potent agencies is requisite in 
order to destroy this combination and set the indigo at liberty. The explanation of 
Chevreul, proceeding from an authority of such eminence, and being the simplest, 
has been ^^opt^ by most chemists- Nevertheless there are objections to it which 
render it inadmissible. Reduced indigo is a body which is only soluble in alkalies, 
and cannot, therefore, ^ contained as such in the juice of indigo plants, which is 
mostly acid. As it also takes up oxygen with the greatest avidity, and is converted 
into indigo-blue, it is difficnit to conceive how the whole of it can be preserved in a 
colourless state in the cellb of plants, in which it must occasionally come in contact 
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with the OTyp:on eliminated by the vegetable organism. If these plants contained 
reduced indigo, the juice ought, moreover, to turn blue the moment it became exposed 
to the atmosphere, which is not always the ease. The necessity for a long process of 
fermenianon in order to obtain the colouring matter would also not be very apparent, 
the mere contact with oxygen being, it might be supposed, all that necessary for 
the purp<*se. The facility with which the indigo-blue is destroyed if the process of 
fenneniation is carried too far, is also inconsistent with the supposition that it is con- 
tauK^l in plants cither as such, or in a de-oxidised state, since indigo-blue is a body 
not easily <lecom|K>sed, except by very powerful agents. 

In order to throw some light on this subject, an inxestigation was undertaken by 
Schunck into the state in which indigo-blue exists in the I^atis tinctoria^ or common 
woa«l, which is the only plant indigenous to Europe that yields any considerable 
quantity of the colouring matter. Schunck <;ticceeded inlobtainlng from that plant a 
substance of very peculiar propertie's, to which he gave the name of Indican, This 
s»ih>tance has the app< nr.ince of a \ellow or light brown transparent syrup. It has 
a bitter taste. It i** \ery oasd> soluble in water, alcohol, and ether; its solutions are 
yellow and have an aei«I re.action. Its compounds with bases are yellow. When its 
watery s<iUition is mixed with a strong acid, such a;? muriatic or sulphuric acidpno 
change takes place at first, but on leaving the solution to stand, or on beating it, it 
becomes blue and opalescent, then acquires a purple colour, and at length deposits a 
quantity of purplish-blue docks, which arc qtii.c insoluble in water. These docks 
-s consist for the most part of indtgo-blue, but they contain also a red colouring matter 
and several brown substances of a resinous nature. The supernatant liquid contains 
a peculiar kind of sugar, and on being distilled, yields carbonic, formic, and acetic 
aeids. Hence it follows that the plant does not contain indigo-blue ready formed 
cither in the blue or colourless state, that the latter exists in the vegetable juice in a 
.state of combination with sugar, forming a compound of that peculiar class known to 
chemists as ijluotsides. Tins compound is readily dis'^olved by water, and the indigo- 
blue ma\ then be liberated at.d piveipitaicd from the solution by means of acids, and 
probably alsu b) otber ag> nt**, but the simultaneous action of oxjgen is not necessary 
during the process of decomposition, which the compound undergoes in yielding in- 
digo-hlue. Now if, a.s seems probable, the various species of indigofera contain indi- 
can or some similar substance, the phenomena which take place during the process of 
manufacturing indigo may easily be explained. During the steeping process the 
indican is dissolved, and iu consequence of the fermentation which then takes place 
in the liquor it is decomposed into indigo-blue and sugar. The former would then be 
precipitated, but since ammonia is, according to most authors, evolved at the same 
time, the indigo-blue is, by the simultaneous action of the alkali and the sugar, or oAer 
organic matters contained in the liquid, leduced and dissolved, forming a true indigo 
vat, from which the colouring matter is afterwards precipitated by the combined 
action of the atmospheric oxygen and the lime, during the beating process. Accord- i 
ing to Schunck, two distinct periods may be observed in the decomposition of indican. j 
During the first period, indlgo-blue is the chief product of decomposition; during 
the second, the red and brown resinous matters make tbeir appearance with very ; 
little indigo-blue. The formation of carbonic, acetic, and formic acids is, according to 
Sohnnek, dependent on that of the brown resinous matters. It would appear, therefore, 
tliat the copious disengagement of carbonic acid, as well as the acid taste, attributed 
to acetic acid, sometimes observed daring the manufacture of indigo, are phenomena 
w hich indicate the formation, not of indigo-bluo, but of other substances, which may ' 
prove very injurious to the quality of the indigo. These substances being soluble in 
alkalies, but insoluble in water, are precipitated, as soon as the liquid loses the alka^^ 
line reaction which it possesses at the commencement, and becomes acid. Though, 
indigo-blue is a body of very stable character, not easily decomposed when onceform^, 
except by potent agencies, still the as.«ertion of Perottet and others, that “nothing is 
more furtive and more liable to be acted on by destructive agencies, than the colour- 
ing principle of the indigoferflc,” will be easily understood when the following facts, 
mentioned by Schunck, are taken into consideration. If a watery solution of indican, 
this indigo-producing body, be boiled for some time, it then yields by decomposition, 
not a trace of indigo-blue, but only indigo-red, and if it be boiled with the addition of 
alkalies, it then gives neither indigo-blue nor indigo-red, but only the brown resinous 
matters before mentioned. The mere action qf alkalies is therefore sufficient to cause” 
the molecules, which would otherwise have gone to form indigo-biue, to arrange them- 
selves in a totally different manner andyield products which hear very little resem- 
blance to it It is evident, therefore, that one of the chief objects to be kept in view 
by the -xianufacturer of indigo, is the proper regulation of the process of fermentation, I 
so as to prevent the formation of the other products, which take the place of indigo- 
blue, and are formed at its expense. 
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The iadigo of eommeree occors in piccec, which tre iometimes cubical, sonutmes 
of an irregnlar fonn. These pieces are firm and dry, and are eastty hrt>k»-.j, ihc frac- 
ture being dull and earthy. It is sometimes liphur, sometimes upf^tfrutiy ht-a^Kf 
than water, this difference de|>cndmg on its being more or less free from fort .^n 
impuriuetf as well as upon the treatment of tts paste in the boiling, prci^mc. .lud 
drying operations. Its colour is blue of different shades; as hght*blae. purj*i*h- 
bloe, coppery-blue, and blackith-bUie. On lieing rubU^d with the nail, or a s.tro«.ih 
hard body, it astfumes the lustre and hue of c»»p|'er. It is usually a horrjogemons nia*^s, 
but it occasionally contains grains of sand or other fi>r» ign Iwvlics, and ^lorRctJtnrs 
presents inequalities of cdour. It is fre^pientlt- full nf cavjih-s, which pr» 
from the drying process haring been conducted too rapidly, and u is also n^Tind at 
tiroes with a whitish matter eonststing of mould, ft varies r^ry much in con<>^{« ricy, 
being tometinies dry, bard, and compact, whilst sonictiines it is easily broken into th n 
flat pieces. Indigo is devoid of smell and taMe. When MroUed to (be tongue, hovr- 
ever, it adheres slightly, to consequence of the property wntcb H p c s roiict of rapidly 
absorbing moisture, a property which is often bad recourse to hi order to aaceitam its 
quality. When thrown on red hot coals it yields vapours of a deep proq^e ei^ur, 
wfaftfth, when condensed on cold bodies, uiTe shining needles having a coppery Instro. 
It is insoluble in water, cold alcohol, ether, ronristic acid, dilute sulphuric acid. c«dd 
ethereal and fat (uU ; but boiling alcohol and oils dissolve a little of it, winch th< y 
dewit on cooling. Creosote has the propertj of dissolving imiigo. 

Indigo varies very much in quality, but it requires much fliscruinnajian in or-ler to 
Judge &rly of the quality of any sample from mcr** inspection .vnd appttcafmn of tfio 
tests usually employed hj dealers. A cake of indigo being broken, und the nnil or 
the edge a shilling being passed with a tolerable degrt c of pressure over llie frac- 
tured part, a fine coppery streak will be product^ if the indigo ts good. If the indigo 
flirrows up on each side of the nail, it is weak and bud, and if the coppery streak lx- not 
very Imght it is not considered good. When apiece of indigo is broken the fracture 
should be held up to the sun, and, if it has sot been well strained from the drtMM*, 
particles of sand will be seen glistening in the snn-ligbt. The outside or coat shcmld 
also be as free from sand as possible. When the squares arc broken in the chests the 
ind^ fetches a low price, and if it is very much crnshi^fl it i.v only hougljt hy the 
consumers for immediate use. 'fhe methods employed for ascertaining the true amount 
of colouring matter in any sample of indigo will be di'scnt>i.-d below. 

Indigo is generally classified according to the various countries from which it is 
obtain^. The principal kinds are the following Bengal, Onde, Madras, Manilla, 
Java, Egyptian, Guatemala, Caraccas, and Mexican. 

At tlie present day the finest qualities of indigo are obtained from Bengal, the pro- 
duce of that country having now taken the place in public estimation which was once 
occupied by that of the Spanish colonies. The export of indigo from Bengal, which 
in 18.53 amounted to 120,000 mannds fof 74 lbs lt> oz ), would require for its culture 
about 1,025.000 acres, and an animal expenditure of 1.300,fioo/. Of thi*; fxterit of 
land about 550,000 acres is believed to be included in the Lower Frovinccs. and con- 
sists chiefly of alluvial land rescued from the rivers. The lx st qualities of Bengal 
indigo are manufactured in the Jessore and Kisbenaghaur district®, but each district 
produces a quality peculiar to itself, and differences of a less striking character may 
^ perceived in the produce of different factories. The Bengal indigo, when packed 
in chests, consists of four principal qualities, viz., the blue, purple, violet, and copp<T. 
But these kinds, by passing over into one another, produce a number of intermediate 
varieties, such as ^rply blue, bine and violet, parply violet, &c. The various quali- 
ties wonld, therefore, be distinguished as follows : — 1. Blue. 2. Blue and vifdet. 
3. Purple. 4. Purple and violet. 5. Violet 6. Violet and copper. 7. C<’pper. 
The leading London brokers, however, classify Bengal indigo into the following 
grades : — fine blue, fine purple and violet fine red and violet, good purple and violet, 
middling violet, middling defective, consuming fine, midiHing and good, ordinary, 
ordinary and lean trash. The finest qualities of linngal indigo present the following 
characteristics. They consist of cubical pieces, are light, brittle, of a c^'an fracture, 
soft to the touch, of a fine bright blue colour, porous, and adhering to the tongue. The 
lower qualities have a duller colour, a.ssnine more and more of a reddish tinge, are 
heavier, more compact, and less easily broken. 

The indigo from the upper provinces of India conies chiefly from Tyroot, (^de, 
and Benares, It is inferior to Bengal indigo. 

Of .Madras indigo there are two kinds, viz. t I. Pry leaf, made from dry stacked 
leaves ; and 2. Kurpah, which is manufactured from the wet leaf in the same way as 
Bengal indigo. The latter has only come into use since 1830, Both are of ‘inferior 
quality to Bengal indigo. 

The Manilla indigoes present the marks of the rushes upon which they have been 
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dried. The pieces are citlier cubical, or fla? and square, or of irregular shape. The 
quality is rery unequal. Java indigo occurs in dat, square, or lozengC'Shaped masses, 
the quality approaching tliat of Bengal. Both these kinds are consumed chiefly on 
the continent of Europe. 

Gtiateroala indigo ss imported into this country in serons or hide wrappers, each 
containing about 1 oci lb< net It occuc^ io smalt irregular pieces, which are more 
or brittle, compact, lighter than water, and of a bright blue colour with an occa- 
sional tinge of Molet. There are three kinds of Guatemala indigo, viz. : 1. Flores, 
winch IS the U^st, and approaches io quality, that of the flner Bengal indigoes ; 2. 
Sohres; and 3. Cortes, which is the lowest in quality, being heavy, difficult to break, 
and of a coppery-red colour. Of the first kind very httle now reaches the market 
The indigo ^ Caraccas is, generally speaking, inferior to that of Guatemala. 

The manufacture of indigo Mas formerly carried on in St Domingo, but has for 
some time been entirely abandoned. 

The indigo of enmnn roe, e\in when not adulterated, is a mixture of diffmnt 
matters, AVben it is luMtcd in a stale of fine powder to 212® F. it loses from 5 to 10 
per cent, in weight, tlie loss conststmg of water. When the dry powder is heated in 
a crucible, a great part of it burns away, and there ^ left at last a greyish ash, «7n- 
sisting of the carbonates and phosphates of lime and magnesia, sulphate of lime, alu- 
inina, oxide of iron, clay, and saod. These matters are ]>artly derived from the plant, 
partly from the lime and the impurities of the water employed in the manufacture. 

^ The quantity of inorganic matter contained io ordinary indigo varies very much. In 
the better qualities it amounts on an average to about 10 per cent, of the weight ; 
whilst in the inferior qualities, especially of Madras indigo, it often rises to between 
30 and 40 per cent. The organic portion of the indigo, or that which is dissii^ted 
when indigo is heated, also consists of several different substances. 

B> treating indigo with various solvents. Berzelius obtained, besides indigo-blue, the 
true colouring matter of indigo, three other bodies, viz. imitgo-glutcn^ inHigo-hrotm, and 
tm/tgo ri<K Mhich .vcm to h{‘ coni.iiutd in various proportions in all kinds of indigo. 
Indigo glutcn IS obtained by treating indigo with dilute sulphuric, muriatic, or aeetic 
acid, and then with boiling water. It is Icff on evajioration of its solutions as aycllow 
transparent extract, which is soluble in spirits of wine, and easily soluble in water, 
more difficultly in acid liquids. Its taste is like that of extract of meat It yields by 
dry distillation much ammonia and a fetid oil, and behaves in most respects like vege- 
table gluten. On treating the indigo, after being freed from the indigo-gluten, with hot 
strong caustic lye, th.' indigo-brown together with a little indigo-blue dissolves, 
forming a dark brown, almost black solution, from which the indigo-brown after fil- 
tration from the portion insoluble in alkali is precipitated by means of acid. After 
being purified, indigo-brown has the appearance of a dark brown transparent resin, 
which is almost tasteless and quite nentraL By dry distillation it affords ammonia and 
eiupyreumatic oik It is decomposed by nitric acid and chlorine. It combines both 
with acids and bases. Its compands with alkalies are dark brown, and easily soluble 
in water. The compound with baryta is not easily soluble in water, and that with 
lime is insoluble. By boiling the alkaline compouuds with lime in excess4ftie indigo- 
brown separated and rendered insoluble. The green substance obtained by 

Chevrenl from indigo seems to have been a compound of indigo-brown with ammonia 
containing a little indigo-blue, either in a state of combination or mechanically inter- 
ininoled. Indigo-brown seems to bear a great resemblance in many of its properties to 
the brown resinous sut^tances obtained by Scliunck in the decomposition of indican with 
acids. From its constant occurrence in all kinds of indigo, it may be inferred that it is 
not a mere accidental impurity, but stands in some unknown relation to indigo-blue. As 
long, however, as its origin and composition are unknown, this must remain a mere 
supposition. After the removal of the indigo-gluten and mdigo-brown, the indigo is 
exhaUsSted with boiling alcohol of specific gravity 0 83. A dark red solution is obtiuDcd, 
which is filtered and distilled, when the indigo-red contained in it is deposited as a 
blackish-brown powder, which is ofiite insoluble both in water and in alkaline liquids. 
Indigo-red, according to Berzelius, is amorphous, but by distillation in vacuo yields a 
white crystalline sublimate, as well as unchanged indigo-red. Concentrated sulphuric 
acid dissolves it, forming a dark yellow solution, which dep<»its nothing on being mixed 
with water ; the diluted solution is rendered colourless by wool, which at the same time 
acquires a dirty yellowish-brown or red colour. The description given by Berzelius 
leaves it doubtful whether the indigo-red obtained by him from indigo was a pure 
iinmixed substance. From the leaves of the indigoferBe, as well as from those of the 
J\atis tinctoria, a substance may, according to Schuock, be extracted which has re- 
ceived %om him the name of indirubinCy but which seems to be merely indigo-red in a 
state of purity. This substance has, accoriling to Schunck, the following properties : 
it crystallises in small silky needles of a brownish-purple colour, which when rubbed 
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with a hard bodj ahow a slight hronie-Ii .e lustre. When carefully heated it may be 
entirely ▼tdatilised, yielding a yeUowi»h-red vapour, which condenR'S in the fi*rm of long 
plam-coloared needles, having a slight metallic l«sin\ It di*.«»>lvr* m coRceuiraird 
sulphuric acid, forming a s^ilution of a beautiful purple colour, which when diluted 
with wmer yields no deposit and then imparts a fine purple colour to cotton, « »••>!, and 
silk. It is insoluble in water, but dissolves io boiling alcohol with a spb-mlsd purj*le 
colour. It is insoluble in alkalies, but dissolves wlicn exp<ised to the comhintni action 
of alkalies and reducing agents, just as indigo-biue d«K'S, forrning a solution from 
which it is again precipitated on cxp>>siire to the oxygm of the atmosphere. Th s 
solution dyes cotton purple. In most of ns pn^p^ rties this bwlv Uars a striking re- 
semblance to indigo-blue, and the composition of the iwci ^ identical. 

It has been doubled whether these various substances or impuriti«*s with whu-h 
indigo-blue is associated produce any effect in the dyeing process on cotton. In a 
memoir by Schwarzenberg, to which a prize was awarded ny the Socu tc Industrn*i.e 
de Mulhouse, the author arrives at the conclusion that neither indigo-gluten. 
brown, nor indigivred gives rise to any appreciable effect when add<d to an indigo ' at 
prepared with pure indigo-blue. NevertheleM differences are obaenrable io dyeing with 
di^rent kinds of indigo, which^an only be explained on the suppoaltitm that some- 
thing besides indigo-blue taies part in the process. In the ordinary blue vat, made 
with copperas and lime, any effect which might be produced in dyeing, hv the in=;;.'o- 
brown is neutralised by the lime, which forms with it an insoluble compotind. 
red, however, dissolves, as mentioned abt>ve, in contact with alka us and nduemg 
agents, and the solution imfKirts a purple colour to cotton. In tlie ordinary indigo 
vat its presence may be detected by precipitating a portion of th • lujuor. and treating 
the precipitate with boiling alcohol, which then usually ac<pttrrs a r. d colour. It is 
possible, therefore, that a small part of the effect produced in dveiug with indigo may 
be due to indigo-red. 

That portion of the indigo which remains after treatment with acid, alkali, and 
alimhol ctmsists essentially of indigo- blue, the true colouring matter of indigo, mixe 1. 
however, with sand, earthy particles, and other impurities. In order to purify it, the 
r^idoe, while still moist, is to be mixed with lime, the quantity of which most amount 
to twice the weight of the crude indigo, and which has b •. n previously slakt^ with 
water. Hie mixture is then put into a bottle capabh- of lu.|<Iin:; .f fnit I'm laiif'S 
its volume of water, and the bottle is filled up with hailing was r au-l shaken V 
quantity of finely powdered protosulphate of iron, amounting lo * of the weight of 
the lime is then added, the bottle is closed with a stopper, well shaken, and left 
to stand for several hours in a warm place. The mass gradually becomes green, and 
the indigo-blue is then conveited by the precipitated protoxide of iron into reduced 
indigo, which dissolves in the excess of lime, forming a deep yellow solution. This 
solution when clear is poured off from the deposit into a ve'^'^e! containing a suffu .eut 
quantity of dilute muriatic acid to supersaturate the whole of the hnie. 'l ie- ri duced 
indigo which is precipitated in grev ish-whitefiocks^ agitateil with wafer until if has 
become blue, and the regenerated indigo-bhie is collected on a filter and waslitd with 
water, in order to remove the chloride of calcium and exee'^;- of muriatic arid. The 
following method of obtaining pure indigo-blue has been recommended by Fntz=>che ; 
4 oz. of crude indigo and the same weight of grape sugar are put into a bottle capable 
of holding 12 lbs. of water; a solution of 6 oz. of concentrated cau'^tic so^la lye in 
alcohol is then added, afterwhich the bottle Is filled with hot spirits of wme of T.'i per 
cent., and the whole is left to itself for some time. The liquid becomes at first winc-red, 
then yellow, and on being filtered and left exposed to the air, deposits the indigo- blue 
in small crystalline scales, which are to be filtered off and washed at fir«t with alcohol, 
and then with water. 

Pure indigo-blue has the following properties Its colour is dark blue inclining to 
purple. When rubbed with a bard b^ly it assumes a bright coppery lustre. It has 
neither taste nor smell, possesses neither acid nor basic properties, and belongs, as 
regards its chemical affinities, to the class of indifferent substances. Its specific gravity 
is 1*50. When heated in the open air it melts, boils, and burns with a smoky flame, 
leaving a carbonaceous residue. But when it is heated in a v« ssel partiauy cl<>sed, or 
in vacuo, it begins to evolve at a temperature of about SnO® F. a violet coloured 
vapour, which condenses on the colder parts of the apparatus in the form of long 
crystalline needles, which are blue by transmitted light, but exhibit by reflected light 
a beautiful coppery lustre. These nfedles are unchanged indign-blue. A great 
portion of the indigo-blue is however decomposed during the heating process. Indigo- 
blue is insoluble in water, alkalies, and dilute acids. Boiling alcohol and boiling oil 
of turpe ntine dissolve a minute quantity of it, and deposit it again on cooling. Fixed 
oils also dissolve a little of it at a heat exceeding that of boiling water, yielding blue 
solutions, the colour of which, when the heat is further increased, changes, according 



IXDIGO. 


513 


to Mr. Crum, first to crimson ami then to c^npe. By the action of dilute nitric and 
chromic aoi-js indi;;u-hluc i^ dccomj>osed and converted into i.saftne, a body soluble in 
water and or} sulh.-nig in red nei*dles. Chlorine also decomposes indipo-blue, 
chanpinp it into < /i/ums a substance havinp properties very similar to those of 
is.iltne Uotli ivatme an<i chlonsatine afford with different reagents a great number 
of jirii-lucts of dccomjiosiiion, none of wiiich have, however, as yet found any applica- 
tion in tin- arts. U\ the long continued action of boiling nitric acid indigo-blue is 
coincrte l. f:r>t into indtyottc «ci#f, a white crystalline acid, and then into nifrr^icric 
u‘ ul, M liK h i-s \cUow and crystallised. The latter is sometimes employed for impart- 
u;;: a colour to silk and wool, but it is generally prefiarid from cheaper 

iiKitcnals than indigo-blue. The action of concentrated sulphuric acid on indigo- 
Mue IS very remarkable. Wlien the acid is poured on the pure substance and gently 
heattd it acquires in the first instance a green colour, which changes after some time 
to blue. No gas of any kind is evulvtd When however crude indigo is employed, 
there is a jxTceptihle disenpageim nt of sulphurous acid, resulting from the action of 
the sulpliunc acnl on the impurities of the indign, such as the indigo-gluten, &c. 
On .id'iiiig ^^^Ucr, :i s;ilutiuu of a iKautiful dt^cp blue colour is obtained. The filtered 
Ihjiud 1 oniaihs a jH'Culuir acul, to which the names ntdtgO’Sulphuric^ sulphindijipticy 
sulphudijhc, or arruko-Mulphunr- actd have been applied. 

'I'his acid IS a so-called dou6le acxd. It contains indigo-blue and sulphuric acid, but 
in such a peculiar state of combination, that neither of the two constituents can be 
detected by ordinary re-agenta, nor again eliminated as such from the compound. 
It combines with bases, without either of the two constituents separating. The com* 
]iouDds are called indigo-sulphaUit^ and are, like the acid, of a dark blue colour. 
WhcMi the solution of indigo-blue in concentrated sulphuric acid is dilated with water, 
lluTc IS usually formed a small quantity of a dark blue flocculent precipitate, which isthe 
phrnu'mc of Mr. Crum, or llie tndtpo^purplc of Berzelius. It is a compound of indigo- 
blue with sulpluiric aoid. conUuuing less of the latter than indigo-sulphuric acid. It 
is always formed when the qnantuv of sulphuric acid employed is not more than 
eight limes that of tlio mdigo-idue, or when the action of the acid on the latter has con- 
timud for onl\ a sliori tune. By healing it with an excess of acid it is changed into 
indigo-sulphuric acid. Though soluble in concentrated sulphuric acid, it is insoluble 
in the dilute acid, and hence is precipitated on the addition of water. On filtering 
and washing, however, it begins to dissolve, as soon as the free sulphuric acid has 
been removed, and may then be completely dissolved by pure water. The solution 
has a blue colour, just like that of indigo-sulphuric acid. Its compoimds with bases 
bare a blue colour with a purplish tinge. The blue acid liquid filtered from the in- 
digo-purple on being supersaturated with carbonate of potash or soda, deposits a dark 
blue powder, which consists of the indigo-sulphate of potash or soda. These compounds 
are insoluble in water containing a large quantity of neutral salts, and are therefore 
precipitated when the excess of sulphuric acid is neutralised by carbonate of potash 
or so<]a As soon, however, as the sulphate of potash or soda has been removed by 
washing, the indigo-sulphate may be dissolved in pure water, yielding a dark-blue 
solution. The indigo-sulphates of the alkalies may also be prepared by steeping 
wool, previomly well cleaned, into the solution in sulphuric acid. The wool takes up 
the colour, booming of a dark blue colour, and after having been well washed w ith 
water, in order to remove the excess of acid as well as tbe impurities which arc 
always present in the solution when crude indigo has been employed, is treated with 
carbonate of potash, soda, or ammonia, which separate the acid from the wool, and 
produce blue solutions containing the salts of the respective bases. The indigo- 
sulphates of tbe earths and metallic oxides, which are mostly insoluble blue powders, 
may be obtained from the alkaline salts by double decomposition. By an excess of 
caustic alkali, indigo- sulphuric acid is immediately' decomposed, giving a yellow 
solution, from which it is impossible to obtain the acid again. By means of reducing 
agents, such as sulphuretted hydrogen, nascent hydrogen, protosalts of tin and iron, 
&c., indigo-sulphuric acid is decolprised, but the colour is restored by the oxygen 
of the atmosphere. Indigo-sulphuric acid, in a free state or in combicdution with 
alkalies, is employed in the arts for the purpose of imparting a blue colour to silk 
and wool. It has very little affinity for cotton fibre, but is nevertheless employed 
occasionally for blueing white cotton-yam and other bleached goods. 

By treatment with strong boiling caustic potash or soda lye, indigo-blue is gradually 
decomposed and converted into a colourless crystallised acid, anthniniUc acid. By 
weak solutions of caustic alkalies, it is not in the least affected. If, however, it be 
subjected to the combined action of an alkali or alkaline earth and some body 
having strong affinity for oxygen, such as protoxide of iron or tin, sulphur, sul- 
phurous or phosphorous acid, or organic matters, such as grape-sugar, &c., it 
disappears by degrees, yielding a yellow solution, containing in the place of indigo- 
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blue another tabetanee, which baa b^r' caUc<l mdi^y^tchtu, nr r> inff i 

indigo. When an eicess of s*ime aoM U a<bU*<l to ihe vcUow ».)lui,on, th.- 
wbite if precipitated in white or trro\ ihh*whitc tlocVs which on filir:\ii'tu an l « ip -sure 
to the atmosphere rapiiUy Uvonu- hl-io. an*! ar«' reconvert' -I into iti«l.^o.hiuo. 
Indigo-white is insoluble in wat«*r, but shirhlly S'»lubte in alcoh»>L It •>* v ui 

caustic alkalies, Ume and ban ta water. The Si»luiton*» i %p<«'»urc to nv. n Ui "Uit 
covered with a pellicle of regenerau«l indim>-btm*, NVjth aa excess of Inne st c-'ts 
an insoluble compound. Its compoundH with aluniin.i .itid ni« talhc oxtd< s. are 

insoluble in water, may he obumed bv d*»ubb* deeomp>'ition Salts i'f o\.d*’ “t 
copper, when added to its solution-* in alkali, couserl it unnu-hate!* int*‘ M i*-. 

the oxide of copper being rcduoe<l to suboxide. Indu'«>-blue al «» com - r'td ■ • - 
indigo white, when it is exposed to the action of fennentmir ■ r |>utr» U iiig *-ub*.'a!»' » . 
in the presence of water. Here the decomposing organic matter is the r. d .< nj 
agent, and ammonia, which is usually formed daring the process of putr* firi mi. ^ 
the solvent of the iQdigfvwhlte. If a piece of cotton, wool, or sdk he d.pixd n.t ' an 
alkaline solution of indigo-white and then exposed to the atmosphere, it ac'|uir> s t 
blue colour, which may bo made deeper by repeated dippings, and aabsriiu' ut 
exposure. It is on this pniperty^f indigo-white that the dyeing with indigo depends. 

T^e true chemical formula of indigo-blue, which was first discovered by Mr. Cnim. 
is and 100 parts contain therefore by calculation 73 ?*^ carU»n. T - 1 

hydroffen, lO’fiS nitrogen, and ox)tr«‘n. The f'»rnuila of mdiLr * «hrc 

C'*n*NO*, and it differs therefore from imligo-bbi** by cniitaiiuii'r ! atom in«»rf ».f 
hydrogen, which is taken up during the so-calhd r.-lu.'ti«'M of tin- l.utt r, .u«‘l I- ’•* 
again by oxidation during its reconvor'um into uuligo-blu*-. 

Since the value of in«ligo «b-peuds enfireh on tfu* «juuitit* of iiulico-blno whuli it 
contain.-!, it is of great importance to a-^evrtain th-- i .x.icf amount of the la’t. r lu any 
given sample of the article, llefore coinmciicing the dcti rmiiintum of tlie iitd'tf“ 
blue, a weighed portion of the indigo ought to be healed for some hours at ‘il:i T . 
and then weighed again. The loss in weight which takes place represents the amount 
of water contained in the sample. A weighed quantity of the dried indigo is tlu n 
to be heated over the fiame of a lamp until all the organic matter has beim burnt 
away. By weighing the residue which is left the amnunt'of n.‘*h or inorganic matter 
is ascertained. In order, in the next place, to determine the nmouni of iiulico-blue, 
several methods have been devised % various clicmivts. n()ni‘ of whuli h'iM.\.r 
yield very accurate results. Of these methods the following are the pniicipal om s 

I. A weighed quantity of finely pounded indigo is rubbed with water in a porcei.un 
mortar. An equal weight of pure lime is then slaked with water and the hydrate is 
well mixed with the indigo. The mixture is then poured into a stoppered bottle of known 
capacity, and the mortar is well rinsed with water, which is added to the rest Tlie 
bottle is now heated in a water-bath for scvor.al hours, and a (juantity of finely pounded 
sulphate of iron is added ; the bottle is then up with writer, the stopper is in- 

serted, and after the contents have been well shakt-n tli-.- whole is allowed to re|K.se fi-r 
some hours, until the indigo has become reduced and the sedmu-nt hns sunk to the 
bottom. A portion of the clear liquor is then ilrawn off with a ’iipliou. ar.d the 
quantity of liquid having been accurately measured, it is lUiX' d with an excess of 
muriatic acid, and the precipitate, after having been oxidised, is colb-cb d on a w^-iphed 
filter and well washed with water. Lastly, the filter with the indigo-Muo is dried 
at 212° F. and weighed, and the weight of the filter having been subtracted from 
that of the whole, the weight of the indigo-blne is ascertained. Supposing now that 
the whole quantity of liquid had be^n 200 measnres, that 50 measures had been 
drawn off yielding 10 grains of Indigo-blue, then the sample contained on the whole 
40 grams of the latter. For 60 grains of indigo it is necessary to take from lib. 
to 2 lbs. of water. 

According to Mr. John Dale of Manchester, who has had great experience in the 
vaUiat on of indigo for practical purposes, this method, though mtber long and tedious, 
still gives more accurate results than any other. The quantity of indigo-bUie in- 
dicafed by it is generally below the actual quantity* contained in the sample. Accord- 
ing to Berzelius this loss arises from the Ume forming an insoluble conTpound with a 
portion of the reduced indigo- blue. 3Ir. Dale, however, is of opinion, that even when 
every precaution has been taken, a certain loss, proceeding some hitherto un- 
ascertained cause, cannot be avoided. When for instance pure indigo-blue is treated 
with lime and copperas in the manifcr just described, the quantity which is again 
obtained by precipitation from any portion of the liquid is always less than what 
It should be by calculation, even when no excess of lime has been employed. 

2. 7 he second method of determining the indigo-blue is performed as follows. 
About 1.5 or 20 grains of pure indigoblue, obtained by precipitation from ffn indigo 
vat, and the same quality of the indigo to be tested, which most be previously ground 
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to « fino powder, are off. and cacii of (horn is treated mitli about 12 times its 

weipbl of concentrated suljdMiric acid in a flask or p<»rcelaui basin. After being 
heated at a tetnp**niliire of 120'^ to 140 F. for about 24 hours, and occasionally well 
ngiUtid, the two Ik^ukIs are mixed with water, so that the Tolumc of the two shall 
be exactly et|iial. Two equal measures of a weak solution of h} pochlorite of lime 
are tlu-n taken, rnd to the flrst is ad^ed a quantity of the solution of pure indigo. 
The elili i .no hbi rat»*d by the excess o^ulphuric acid in the solution destroys the 
colour of the mdigo-sulpharic acid. More of the solution must be added until 
tie- I qu.d Kpins to acquire a greenish tinge, and the number of measures necessary 
for the purpose is notetl The same experiment i.s then made with the solution of 
erude indigo. The quantity of indigo-blue in tlie latter is of course in inverse ratio 
to the number of mea-sures which are requiisite in (»r(ler to take up the whole of the 
chlorine which is liberated. If. for example, the same quantity of hypochlorite of 
lime decolorises IfiT measun s of the solution of pure indigo-blue and 204 measure^ 
of the sedntion of crude luditro, then the «piantity of indigo-blue contained in 100 parts 
of ihe 1 itter gi\en >i\ the f-dlow ,ng proportion ; 204 167 100 : x =81*8. 

A number of '*.impl. s of ludigo m.ay I’C tested in this manner at the same time, 
('art must be taken to prepare a fresh solution of iiAigo-hUie for every scries offTials, 
since this solution undergoes a change on standing, w hieh renders it quite inapplicable 
as a standard of comparison. It is necessary also to pay great attention at the 
moment when the greenish colour indicating an excess of the sulphate of indigo 
^ bi gins to appear, for it will often be found that this colour disappears after standing a 
few minntes, and a fresh quantity of the blue solution must then be added cautiously, 
until the gn'enish tinge becomes permanent, even afler standing for some time. 
Miwlifications of this process have been introduced by various chemists by the use of 
piTinanganate of potash, clilorate of potash, or bichromate of potash, in the place of 
hypfKhioritc of lime; but as the principle on which the process depends is in each 
ciu-c id«-nlical and the jnodu‘'opcraiidi i'. alnuM the same, it will be unnecessary to enter 
into an> immite dc'*criptum tvf tluse modificntions, 'i'hc whole mctliod is, however, 
oprn to senuw'. obj»'ctioji«. atid the results uhich it affords cannot at all be depended 
on. In the flr^l place, it is difficult to in.«titutc a strict comparison botwcon the dif- 
ferent shades of colour resulting from the decomposition of the sulphate of indigo in 
different cases, since the pure gi*ecn tinge observed when an excess of the pure 
sulphate has been added to the decomi>osing agent, gi\c5 place to a dirty olive or 
brownish'grceo, when a solution of crude indigo is employed, in consequence of the 
impurities contained in the latter. Secondly, it is almost impossible to avoid the 
foimation of a certain quantity of siiljdiurous acid during the action of concentrated 
sulphuric acid on crude indigo. This sulphurous acid during the following operation 
becomes oxidised before the blue sulphate is destroyed, and hence the percentage of 
indigo-blue is apparently raised. In employing this method, it is common to And 
more than 80 per cent of indigo-blue ia a good sample of indigo, whereas the best 
qualities seldom coauin above 60 per cent, and average qualities between 40 and 50 
per cent This method may show a percentage of 70 indigo-blue, when the method 
first described indicates between 50 and 60. 

3. Tl^ ^ird method of estimating the indigo-blue is performed in the following 
manner. Equal weights of the samples to be tested are treated vrith equal quantities 
of concentrated sulphuric acid in the manner above described, and the solutions are 
then diluted with water and introduced into graduated glass cylinders, water being 
added to each until they all exhibit exactly the same shade of colour. The richer 
the sample is in indigo-blue, the greater will be the quantity of water necessary for 
this purpose, the number of measures of water required in each case indicating the 
relative amount. The great objection to this method consists in the circumstance, 
that the different kinds of indigo do not give the same shade of blue when their solu- 
tions in sulphuric acid are diluted with water, some exhibiting a pure blue colour, 
others a blue with a greenish, or purplish tinge. It therefore becomes difficult to in- 
stitute an exact comparison between them. 

Employment of indigo in dyeing , — As indigo-blue is insoluble in water, and as it can 
penetrate the fibres of wool, cotton, silk, and flax only when in a state of solution, the 
dyer must study to bring it into thi.s condition in the most complete and economical 
manner. This is effected either by exposing it to the concurrent action of alkalies 
and of bodies which have an affinity for oxygen superior to its ow n, such as certain 
metals and metallic oxides, or by mixing it with fermenting matters, or finally, by 
dissolving it in a strong acid, such as the sulphuric. The first method is that which 
is employed in the 

CoppTraii or common blue vat — Before being used the indigo must be broken into 
small pieces, the size of nuts, moistened with hot water, and then left for a day ; after 
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vhtcb it it reduced to a toft paste in a mi.I. The indigo mill i* represenUJ tn .rtc*. 
990, and 991. 

a, is a four-sided iron cistern, 2 feet 11 inches long. ID incbet broad, and I' inchis 
deep, cjlindrical or rounded in the hotti.m, and r«»iing up<in gndgions m a «i»«len 
frame. It has an iron lid A, consisting of two leaves, between which the n«l e nio\.-s 
to and fro, receiving a vibratory motion from the crank /. Ily this constnieie.n, .a 
frame e, which is made fast in the cistern b^wo |K«ints e' c', is caused to vibrate, ami 



to impart its swing movement to six iron rollers four inches in diameter, three 
being on each side of the frame, which triturate the in'Iigo mixed with water into a 
fine paste. This mill is capable of grinding I cwt. of indigo at a time. Whenever 
the paste is uniformly ground, it is drawn off by the stopcock p, which had been 
previously filled up by a screwed plug, in order to prevent any of the indigo from 
lodging in the orifice of the cock, and thereby escaping the actii'D of the rollers. 

Mills of other forms are also used occasionally. One of these consists of a hemi- 
spherical iron vessel open at the top, in which a stone of corres|>ondiDg shape is fixed, 
so as to leave a small space between it and the sides and bottom of the vewel, in whirh 
the indigo undergoes the necessary trituration with wster, the motion being produced 
by means of a vertical shaft fixed to the centre of the stone. 

The other ingredients necessary for setting the vat are copperas or protosiilphate 
of iron, nevrly slaked quicklime, and water. Varions proportions of these ingredients 
are employed, as for instance, I part by weight of indigo (dry), 3 parts of copperas, 
and 4 of lime ; or 1 of indigo, 2^ of copperas, and 3 of lime; or 8 of indigo. 14 <if 
copperas, and 20 of lime ; or 1 of indigo. J of ooppems, and 1 of lime. The sulphate 
of iron should be as free as possible from the re<l oxide of iron, as well as from sulphate 
of copper, which would re-oxidise the reduced iiidigo-hluc. Tlie viit having been 
filled with water to near the top, the m.atcrials are introduced, and the wlndc after 
being well stirred several times is left to stand for .about twelve hoiirv. The rh. mical 
action which takes place is very simple. The protoxide of iron which is set at liberty 
by the lime reduces the indigo-blue, and the indigo-white is then dissolved by the 
excess of lime, forming a solution, which, on being examined in a gla.ss. appears per- 
fectly transparent and of a pare yellow colour, and becomes covered wherever it 
comes into contact with the air, with a copper-coloured pellicle of regenerated indigo- 
hlue. The sediment at the bottom of the vat consists of sulphate of lime, peroxide of 
Iron, and the insoluble impurities of the indigo, such as indigo-brown in combination 
with lime, as well as sand, clay, &c. If an excess of lime is present, a little reduced 
indigo-Wue will also he found in the sediment in comhination with lime. 

The copperas vat is employed in dyeing cotton, linen, and silk. For cotton goods 
no olher kind of vat is used at the present day. The dyeing process itself is very 
simple. The vat having been allowed to settle, the goods are plunged into the clear 
liquor, and after being gently moved ahont in it for some time are taken out, allowed 
to drain, and exposed to the .action of the atmosphere. Whilst in the liqvid the fabric 
attracts a portion of the reduced indigo-blue. On now removing it from the liquid it 
appears green, hut soon becomes blue on exposure to the air in consequence of the 
oxidation of the reduced indigo-blue. On again plunging it into the vat, the de- 
oxidising action of the latter does not. again remove the indigo-blue which has been 
deposited within and around the vegetable or animal fibre, but on the contrary, a 
fresh portion of reduced indigo-blue is attracted, which on removal from the liquid is 
again oxidised like the first, and the colour thus becomes a shade darker. By repeat- 
ing this process several times, the requisite depth of colour is attained. This effect 
cannot in any case be produced by one immersion in the vat, however strong it may 
be. The beauty of the colour is increased by finally passing the goods through 
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dilated tulphanc or muriatic acid* whufe removes the adhering lime and oxide of 
iron. After being used for some time the vat should be refreshed or fed with copperas 
and lime, upon ■winch wcasion the sediment must first bestirred up, and then allowed 
to settle agatii. so as to leave the liquor clear. The indigo-blue, however, is in course 
of time graduali) i\ nio\ed, and by degrees the vat becomes capable of dyeing only pale 
shades of blue. When the colour produced by it is only very faint, it is no longer worib 
while using it, and the contents are thaft thrown away. In dyeing cotton with indigo, 
it seems to be essential that the reduced indigo-blue should be in combination with 
lime. If jK)tasb or soda be used in its stead it is imjiossilde to obtain dark shades 
of blue. • 

When cotton piece goods are to be dyed of a uniform blue, they are not submitted 
to any |weparatory process of bleaching or washing. Indeed the size contained in 
unbleached goods seems rather to facilitate than to impede the dyeing process. In 
dyeing these goods a peculiar roller apparatus is employed. When certain portions 
of the fabric are to retain their white colour a different plan is adopted. The pieces 
having l>een bleiu iu d, th'^v portions which are to remain white are printed with so- 
calli <l resists. Tin se re'i''ts consst essentially of some salt of copper, mixed with an 
apprt'pnaie thickening material. The copper s^lt acts by oxidising the ijgduced 
indigo-bliiG at the surface, and thus rendering it insoluble l^forc it can enter the in- 
terior of the vegetable fibre, since it is only when deposited within the fibre itself 
that the colouring matter becomes durably fixed. The pieces are cow stretched 
upon square dipping frames, made of wood or of iron, famished with sharp books 
or points of attachment These frames arc suspended by cords over a pnlley, and 
* thus immersed and lifted out alternately at proper intervals. In dyeing, a set of 
10 vats is us4‘d, the first vat containing 5 or ti lbs. of indigo, and the quantity in- 
creasing gradually up to 80 lbs. in the last vat The pieces are dipped for 7^ 
minutes in the first vat, then taken out and exposed to the air for the same length of 
time, then dipped in the 8»‘e<>nd vat. ami so on to the lust. After passing through the 
l.vt vat. a small bit of the calico i-s dried, in order to see whether the C(*lour is suffi- 
ciently dark. If u is not, the vrln-le serus must be dipped once more in the same 
vat in which the last dipping was performed. Wlien the bottom of the vat is raked 
up so as to have more lime m suspension, the vat becomes what the dser calls /mrrf, 
that is to say, the oxide of copper of the resist is precipitated in a compact state, and 
consequeotly acts with more efficiency. But wheu the vat has been at rest for some 
time, and there is little lime in suspension, then it is called soft. When it is in this 
state, the oxide of copper is thrown down in a bulky form, and when the pieces arc 
afterwards agitated in the liquor, in order to detach the oxide of iron, which always 
floats about m the vat, and attaches itself to the fabric, and which if left adbering 
would cause light stains, technically called grounding ; then the oxide of copper is 
also detached, and the indigo penetrates to those parts which are to remain white. 
When cotton yam is dyed in the copperas vat, the Utter is generally heated by means 
of steam pipes passing through the liqnor, the object being to give to the colour the 
pecttliv gloss or lustre, which is required in this class of goc^s. No preparatory 
process is required, except simply steeping in hot wdter. In dyeing, wooden pins are 
•.pot through the hanks, their ends resting on supports passing over the top of the vat, 
and the yam is then slowly turned over, one half being in the liquor, the other half 
over the pins. It is then taken out, wrung, exposed to the air, and again dipped, this 
operation being repeated until the requisite shade is obtained. 

The methods employed for producing the colours called Cfdna blue and pencil blue 
on calico have been described under Calico Printing. 

The urine vat is prepared by digestion of the ground indigo in warmed stale urine, 
which first deoxidises the indigo-blue, and then dissolves it by means of its ammonia. 
Madder and alum are likewise added, the latter being of use to moderate the fermen- 
tation. This vat was employed more commonly formerly than at present, for the 
purpose of dyeing woollen and linen goods. 

Wood vat— In former times, *road was the only material known to the dyers of 
Europe fca; producing the blue colour of indigo. For this purpose it was previously 
submitted to a peculiar process of fermentation, and the pr<^uct was named ;w5/e/ in 
France. For most purposes indigo has taken the place of woad in the dye-house, 
and for cotton goods it is now used alone. In the dyeing of woollen goods, "huwever, 
the use of woad has been retained to the present day, for the purpose rather of ex- 
citing fermentation and thus reducing the indigo which is emjiloyed at the same 
time, than of imparting any colour to the material to be dyed. Indeed, the woad 
used by woollen dyers in this country contains no trace of colouring matter. Various 
substrtutes, such as rhubarb leaves, turnip tops, weld, and other vegetable matters, 
have accordingly been tried, but without success, since the fermentation is more 
Steadily maiutaiiied by means of woad than by any other material Pastel, which 
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does eonUiu a little blue eoioDrinK matte', is preferred to voad bjr manr of the 
French dyers. The materials en)plci}'e<l in the ordinary woad or (■aslrl rni, m ad- 
dition to voad and indigo, are maflder, hran. and lime, in the nvcalti-d or/K.r. 

ash pat, madder, bran, and carbonate of potash are us*.*il ; in the frerniaa rot. br.'in. 
carbonate of soda, and quicklime, vitiiOut woail. The chemicai action chicb i.ik.-s 
place in the voad rat is not difficult to understand. The nitrogenous matters of the 
wond begin, when the temperature is raised, to enter into a state of fenneiitalion, 
which is kept np by means of the sugar, starch. estractiTc matter, litc„ of ihe mad- 
der and bran. In conse<i|ieace of the fermenution, the indign-bloe becomes re-lucet, 
and is then dusotred by the lime, thus rendering the liquid fit fur dyeing. Great 
care is necessary in order to prerent the process of fermentation from passing into 
one of patrefaeuoo, which if allowed to proeis-d would lead to Ihe entire deslruciiou 
of the indif^blne in the liquor, if any tendency to do so is obserred, it is arn-ste-l 
by the addition of lime, which combines with the aenUCt lactic, and other organic 
acids that commence to form when putrefaction tala in. On tW other band, an 
excess of lime most also be avoided, sinee the redneed indigo-blnc k thclcby ren- 
dered insnlnble, and unfit to combine with the matexkL 

Thfijiillowing account of the method of dyeing wuilen |oads with indigo, M earried 
on at present in Yorkshire, may suffioe to |^re a gracral idea of the procest : — 

The dye-rats employedjire circular, baring a diameter of 6 feet 6 inches, sml a 
depth of 7 feet, and are made of caal iron | of an inch in thickness. They are siir- 
ronnded by brickwtwk, n space of 3 inches in width being' left lu-tween llie hriekwork 
and the iron, for the purpose of admitting steam, by me.-ins of which the mio. .in 
heated. The interior surface of the brickwork is well cemented. In (s tiiiig a lat 
the following materiak are used : — 5 cwt. of voad, .to lbs. of indigo, .Ml lbs. of bran, 

7 lbs. of madder, and 10 qaarts of lime. The wnad supplied to the Yorkshire dyers 
is grown and prepared in Lincolnshire. It is to the form of a thick brownlsh.yeilow 
paste, having a ttrtmg ammoniacal smell. The indigods ground with water in tlio 
nsnal manner. The madder acts in promoting fermentation, hot it also serves to give 
a reddish tiage to the colour. The lime is prepar^ by pntting quicklime iulo a 
hasket, then dipping it in water for an instant, liftiDg it out again, ami then paasing it 
throogb a sieve, by which means it is reduced to a fine powder, called by the dvers 
sear*.- The rat kfiist filled with water, which ia heated to Ho’ Kalir., 'after wineli 
tim materials are put in, and the whole k well ttirred until the woad is dissolved or 
difEiiaed, and it is then left to stand aqdisturbed over night. .At 6 o’clock the next 
morning the liquor U again stirred up, and S quaru more Ulke are added. At lo 
o'clock, 5 pints of lime are again thrown in, and at 12 o’clock the heat k raked to 120’ 
Fahr., which temperature must be kept up until 3 o'clock, when another quart of lime 
is introduced. The vat is now ready for dyeing. When the process r^eimentation 
is proceeding in a regular manner, the liquid, though muddy from insoluble vegetable 
matter in suspension, is of a yellow or olive-yellow colour ; its surf.ice is covered 
with a blue froth or a copper-coloured pellicle, and it exhales a peculiar ammoniacal 
odour; at the bottom of the vat there is a mass of undissolved matter, of a dirtv 
yellow colour. If there is an Excess of lime present, the liquor has a dark green 
colour, and is covered with a greyish film, and wbjn agitated, the bubbles which are , 
formed agglomerate on the surface, and are not easily broken. Cloth dyed in a 
liquor of this kind loses its colour pn being washed. This state of the vat is remedied 
by the addition of bran, and is of no serious consequence. V^en, on the other hand, 
there is a deficiency of lime, or in other wor^ when the fennentation is too active, 
the liquor acquires first a drab, then a clay-like colour) when agknted, the bubbles 
which form on its surface burst easily, and when Mkred up from the bottom with a 
rake it effervesces slightly, or /rets as the dyers S«y. If the fermeldatioa be not 
checked at this stage, putrefaction soon seta in, the liquid h^ins to exhale a fetid odour, 
and when stirred evolves large qnantities of gas, which hum with a bine flame on the 
application of a light The indigo is now totally destroyed, and the contents of the 
vat may be thrown away. No further addition of woad k required after the intro- 
duction of the quantity taken in first setting the vat the fikmentation being kept up 
by adding daily about 4 lbs. of bran, together yrith 1 quart or 3 pints of lime. In- 
digo k also added daily for aliont three or four montha , The vat b then used for the 
purpose of dyeing light shades, until the indigo contained in it is quite exhausted, and 
its contents an then thrown away. ,, 

Woollen cloth before being dyed is boiled in water for one hour, then passed im- 
mwUately into cold water. If it be suffered to lie jn heaps immediately after being 
boiled, it undergoes some change, which renders it afterwards incapable taking np 
colour in the vat. When a purple bloom is required on the cloth, it is dyed with cod- 
bear to a light purple shade before being dipped. In dyeing, the cloth is placed on a 
network of rope attached to an iron ring, which is suspend^ by four iron duuns at 
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a di'pth of about 3 feet beneath the Burfaci^of the liquor. The cloth is stirred about 
in the liquor by means of books for about 20 or 30 minutes. It is then taken out 
an ! Well wruuc. It now appears preen, but on being unfolded and exposed to the air 
rapidly becomes blue. ^Vlu-n the rat contaiiu an excess of lune the cloth has a 
dark gri.vu colour when taken out It is then paired through hot water and dipped 
again, if a darker shade is required. When woollen flocks are to be dyed, they are 
placed in a n<t made of cord, which U suspended by btmks at the side of the vat. 
'rhey are ihcii transferred to a stronger net and wrung out by several men. In dye- 
ing }!>>i'ks a more active fermentation of the vat is required than with cloth. 

The process of dyeing by means of sulphate of indigo is quite different from indigo 
dyeing m the vat. This process was di*>eover<‘d by Hartli, at Grossenhayn in Saxony, 
about tbewear 1740, and the colour pr<»duci‘d by it is hence called Uut. The 

method *dr purifying sulphate of indigo, by immersing wool in the solution of cmde 
indigo in oil of vitriol. pn*vinu>dv d. luted with water, has been described above. The 
process of making of indigo or extract of rWipo, as it is called, as now prac- 

tiscfi on the lar^r ‘^raie. is a« follows : — 1 Ih. of indigo is mixed with from 8 to 9 lbs. 
of oil of \itrinl, a- <\ the nuMure^is left to stand for some hours in a room, the tem- 
per.itiirc of whu li IS Falir. It is then diJutedswith water, and filtered thipugh 
pap« r. rhi-ro IS left on the filter a dirty olive-coloured residue, which is used for 
Munc p'.irtKvs^ by woollen dyers, iiy now adding coinmop salt to the liquid, a blue 
])recipitate of sulphate of indigo is produced, which is collected on a filter, and 
washed with a solution of salt in order to remove the excess of acid. No neutra- 
lisation with alkali is required when this plan is pursued. The blue produced on 
wool and silk by means of sulphate of indigo is very fugitive, and is now seldom 
ret}uircd, its place having been in a great measure taken by the blue from prassiate of 
pntrivh. The chief use of sulphate of iudigo is for dyeing compound colours, such as 
green. oli\e grey. 

INtiU \1N. V(t()l«, are said to be dyed ingrain when they are subjected to 

that prf»ce-s 1 m for*' in.umf.u'ture, 

INK, {I'.urrr, Tr., 'i’/ntr, Germ.) 

U'nttNg Ink may bo and is prepared in many different ways ; but it is essentially a 
tanno-galiate of iron. 

Notgalls, sulphate of iron, and gum are the only substances truly useful in the 
preparation of ordinary ink ; the other things, oflen added, merely modify the shade 
and considerably diminish the cost to the manufacturer upon the great scale. Many 
of these inks cintain little gallic acid or tannin, and are therefore of iolbrier qoality. 
To nuke 12 gallons of uik we may take, 12 pounds of nutgalls, 5 pounds of green 
sulphate of iron, 5 pounds XuS gum Senegal, 12 gallons of water. The bruised 
nntgalis are tb ve pat into a cylindrical copper, of a depth equal to its diameter, and 
boiled during three hour^luth three-fourths of the above quantity of water, taking 
care to add fresh water tonplaoe what is laatbgr evaporation. The decoction is to 
be emptied into a tab, ^lipwcd to settle, and the* elear l^nid being drawn off, the lees 
are to be'drained> Sontiheebttmend the addition of a little bullock’s blood, orwhite 
of egg, to remoTe a part of the tannin* But tbi^abstraction tends to lessen the 
•roduct, and will seldom be ppMtised by the iqanufactarer intent upon a large return 
for his ciq)tt8L The gam is to be disso\|^ quantity of hot water, and the 

mucilage thus formed, being filtered, is%(ed|p Unclear decoction. The sulphate 
of iron must likewise be separately dissolved, and veli mixed with the*fiTk)ve. The 
colour darkens by degrees, in consequence of the fwokldisemeiit of tke ifon, on ex- 
posing the ink to ^e action of the air. But ink affords a more durable writing when 
used in the pale state, because its jmrticles are then finer and penetrate the paper more 
intimately. When ink consist chiefly of tannate of peroxide of iron, however black, 
it is merely superficial, and is easily erased or effaced. Therefore, whenev^ the 
liquid made by the above xecipe has acquired a moderately deep tint, it should be 
drawn off clear into bottki and well corked up. Some ink makers allow it to mould 
a little in the ca^ before IkHtlin^ and suppose that it will thereby be not so liable to 
become mottiAj in the bottles. 

From the comparatively high ]>rice of gallnuts ; sumacii, logwood, and even oak 
bark are too frequently substituted, to a considerable degree, in the manufacture of 
ink; but always injuriously. 

The ink made by the recipe given above, i$ much more rich and powerful than 
many of the inks commonly sold. To bring to their standard a half more water may 
safely be added, or even twenty gallons of tUerable ink may be made from that weight 
of materials, as I have ascertained, 

Sum^h and logwood admit of only nboat one half of the copperas that galls will 
take to bring out the maximum amount of black dye. 

hh A 
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Levit, wlio imd« exset experiments on"nk». assigned the proportion of three parts 
of galls to one of sulphate of iron, which, with average galls, will aoswi-r very well , 
hot good nils will admit of more coppi-ras. 

Betl is*. — This ink may be made hr infusing fur thn’c or four day« in weak 
▼inegar, Brazil wood chippeil into small pieces; the infusion may then b.* bodiel 
upon the wood for an hour, strained and thickened slightly with gum .kratnc and 
sugar. A lillle alum improves the colour. .\ decoct lou of cochineal with a little 
water of ammonia, forms a more beautiful red ink, hut it is fugitive. An estem* 
poraneous red ink of t)te same kind roajr be made by dissolving carmine in weak 
water of ammonia, and adding a little mucilage. 

Bliu ink. — Mr. Stephens's patent blue ink is made by dissolving Prussian blue in 
a aolutioo of oxalic acid. The blue ahould be waabed in dilute muriatic arid. M. 
HamuDg has given the following u (he best formula for blue ink : — 

Mix 4 parts of perchloride of iron in solution with 750 pans of water, then add 
4 parts of cyanide of potassium diasolved in a little water i collect the preeipiute 
formed, wash it with several additiona of water, allow it to drain until It vreighs about 
200 i^rts ; add to thia one part of oxalic acid, and, promote aolotioo of the cyanide 
by shaking the bottle containingalhe mixture. The addition of gtun and ■ogoe' is 
oaelest, and even appesrato exerciae a prejudicial eSiect on the beauty of the ink, h 
may he kept withoot any. addition for a long time. 

CUma or Indian ink Proost aaya, that lamp black purified by potash lye, when 

mixed srith a aointion of glue and dried, forraeil an ink whirh was jirefcrred by 
artists to that of China. M. Merinice, in his interesting treatise eniitleil Hr 1 1 
Peinture d THuiU., says, that the Chinese do not use glue m tlie fabrication of their 
ink; but that they add vegetable juices, which render it more brilliant and more 
indelible upon paper. When the best lamp black is levigated with the purest gelatine 
or solution of glue, it forms no doubt an ink of a good colour, but wants the shining 
fbacture, and is not so permanent on paper as good Chinn iok, and it stiffens in cold 
weather into a tremulous jelly- Glue may he deprived of (he gelatinising properly 
hy boiling it for a long time, or 8ubji>cting it to a high heat in a Papin's digester . 
but as ammonia is apt to be generated in this way, >1. Merimec recommends starch 
gnm made by sulphuric acid to be used in prcfenuice to glue. He gives, huw. ver, 
8ic Mlowing directioDt for preparing this ink willi glue. Iiiln a soluiiun uf glue he 
poors a concentrated solution of gall-niil.s which uecasinns an elastic resinnus-liHikiiig 
precipitate. He washes this matter with hot water, and dissolves it in a spare solu- 
tion of clarified glue- He filters anew, and concentrates it to (he proper degree for 
being incoporated with the purified lamp black. The astringent principle in vege- 
tables does not precipitate gelatine when its acid is saturated, as is done by boiling the 
nut-galls with limewater or magnesia. The first mode of making the ink is to be 
preferred. The lamp black is said to be made in Cluna, by collecting the smoke of 
the oil of sesame. A little camphor (about two per cent ) has been detected in the 
ink of China, and is supposed to improve it. Infusio ^jf galls -afners the ink per- 
manent on paper. ~ 

Indelible ink. — A very good ink, capablepC^sistiDg chlorine, oxalic acid, and ab- 
lution with a hair pencil or spo^e, "»«*• Jpjrmixing some of the ink made by 

the prec^ng presorintlnw.— ' .jfCbina ink. It writes well. Many 

other 1 .m inks, but they are all inferior in sim- 
plicity ■ , prescribed. Solution of nitrate of silver 

thickened umd-wtui upon linen or cotton cloth, previously imbued 

with a solution at sodn, and dri^ is the ordinazy permanent ink of the shops, lleforc 
the cloths are washed the writing should be expoe^ to the sunbeam, or to bright day- 
light, which blackens and fixes the oxide of silver. It is easily disebmged by chlorine 
and ammonia, 

A good permanent ink may be made by mixing S. strong solution of chloride of 
platinum, with a little pottuh, sugar, and gum to thicken. The writing made there- 
with should he passed over with a hot smoothing iron to fix it. 

Another indelible ink may be prepared by adding lamp black and indigo to a so- 
lution of the gluten of wheat in acetic acid. This ink is of a heantifnl black colour, 
at the same time cheap, and cannot be removed by water, chlorine, or dilute acids. 
M. Herberger gives the following directions for its preparation ; — Wheat gluten is 
carefully freed from' the starch, and ttum dissolved in a little weak acetic acid; the 
liquid is now mixed with so much rain water that the solution has about the strength 
of wine vinegar, that is, neutralises iVth^f Hs weight of carbonate of soda. 10 grains 
of the best lamp black and 2 grains of idBign. arc mixed with 4 ounces of the solution 
of gluten, and a little oil of cdoves added. This ink may be employed for iwarking 
linen, as it does not resist mechanical force. 

Indelible ink of Dr. Traill is essentially the same as the above. 
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French mdeltbie ink made of (ndian diffused through dilute muriatic acid 
for writing with quiiU. and through weak potash lye for wnling with steel pens. 

Ink^ PnnUmj. — I iti-* w essentially a comhioatiOD of lamp black, — finely divided 
carbon, — with oil Mr. I iiderwood, in a communication made by him to the Society 
of Arts, well defi'ies the necessary qualifications of a good ink. 

Ut. it mu-'t distnbuie freely and easily, and work sharp and clean. 

*ind It must not have too much tenacity for the type, but have a much greater 
affinity fur the paper, and so come off freely upon it. 

.'tr^^. It must dry aimoat immediately on the paper, but not dry at all on the type or 
rollers ; this is a great desideratum, especially for newspapers."’ 

4(h. it should ^ literally proof against the edicts of time and chemical reagents, 
and never change colour. 

Great attention must he paid to the quality of the linseed oil employed, and even 
the character of seed from which the oil is obtained should not be neglected. 

The hnsced oil isclanti-d from the fatty watters, and the pure oil is boiled with 
great care at a carefully rt cuhitt-d temperature ; and during the boiling, the best pale 
>cUow soap is added to give it consistency, and the required dryers are als#iiow 
iiuxi d With It. Thf best black is that obtained fron\ the smoke of naphtha, the com- 
bustion being carefully regulated. This black is ground up carL'fullv with the 
drying oil, which has assumed somewhat of the character of a vainish, and the ink is 
complete. 

GoLi and iiiAs arc prepared by grinding upon a porphyry slab with a muller 
" gold or silver leaves, with white houcy, until they are reduced to the finest possible 
state of division. The honey is thoroughly washed from the powdered metals, and 
these are mixed up with gum water. 

INKINt; HOLI.KIl. See PiiiNTiNo. 

I<>I>lNFi Fr.; /<**/, Genu.) is one of the elementary substances; it was 

acndcnially discovered in IWi bj Courtoi«. a manufacturer of saltpetre at Paris. 
He found, that m the mamifacture « f soda from the ashes of .scaweuls. the metaliic 
vessels, in winch the pPK'^sses were conducted, became much corrodenl ; and in 
w arclnng for the cause of the corrosion, he discoNcred tliis now important substance. 
It was first described by t'iemcnl in Ibid, but was afterwards more fully investigated 
by Davy and Oay-Hussac. 

Oay-Lusaac and Clement at first hxikcd upon hydriodic acid as hydrocliloric acid, 
until Sir 11. Davy suggested the idea of its Wing a new and peculiar acid, and iodine 
as a substance analogous in its chemical relations to chlorine. 

It was named iodine from the Greek word violet-coloured, on account of the 
colour of its vaf^ur. 

Iodine exists in many mineral waters in combination with potassium and sodinm. 

In the mineral kingdom, iodine has been found in one or two rare ores, as in a 
mineral brought from Mexico, in which it existed in combination with silver, and also 
in one from Silesia in combination with zinc. 

It exists also in very small quantities in sea water, from which it is extracted by 
many sea-weeds, which act therefore as ^ncentrators of iodine ; these sea-w'eeds when 
dried and igni^ yield an ash, technically called kelp, from which all the soda of 
commeroe was previously obtained, but the chief value of the kelp now is on account 
of the iodine which it yields. The following is the'peocess most generally adopted for 
the extraction of the iodine from the sea-weeds. 

The sun-dried sea- weed is incinerated in shallow excavations at a low temperature, 
for if the temperature was allowed to rise too high a considerable quantity of iodide of 
sodium would be lost by volatilisation. The half-fused ash or kelp which remains is 
broken into fragments, and treated with boiling water, which diss^es about one half 
of the ash. 

The liquid thus obtained is evliporated, when on cooling the more crystallisable salts 
separate, viz. sulphate and carbonate of soda, with some chloride of potassium. The 
mother liquor still confine the iodide of sodium, sulphide of sodium, sulphide and 
some carbonate of soda. This liquor is then mixed w ith about one-eighth of its bulk 
of sulphuric acid, and allowed to stand for twenty-four hours ; carbonic and sulphurous 
acid, and sulphuretted hydrogen gases escape, a fresh quantity of sulphate of soda 
crystallising out, mixed with a precipitate of sulphur. 

The supernatant acid liquor is then transfeiyed to a leaden still, to which adapted 
a double tubulated leaden head luted on with pipe-clay ; it is then heated to 140*^ F., 
when binoxide of manganese is added. 

The temperature may be gently raised to 212® F., but not higher, as some chlo- 
rine w'Wild come over, and combine with some of the iodine, forming chloride of 
iodine. 

The iodine is condeused in spherical glass condensers, each having two mouths 
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opposite to each other, and inserted the oTe into the other, the end one 6uod to 

tlie neck of the leaden head. 

The iodine is punfieti by resuWiniation. 

The following formula repre>crit3 the reuciron • 

l''■*dlde of Ox id*' of Sulo'^oro s »'• of S'ilphit‘"of to4<ts'' A’.«f 

Sodium. ManjfAnese. Jx-U. M 4 ntf 

Nal + Mn(>= + 2USO' - NaSO* *- MnSO' ¥ I f jUO 

The British iodine is exclusively maimfactnrt**! at ItKi.sguw, from the kelp of the 
w jst coast of Ireland, and the western idamU of Sootl.m i. 

Iodine is a cryMallisuble solid, its pnmarx form b« ini! a rhombic octohe^lron. It jv 
however usually met with in micaceous, soft, friable scab *, having a grvv ivh-bLo k 
colour, a metallic lustre, and an acrid hot taste. Kren at ordinary temperatures, .ind 
more es[>ecially when moist, it is seastbly volatile, emitting an odour like that of 
chlorine, only much weaker. 

At 223^ F. it fuses, aD>l at 347^ F. boils, and is converted Into a magnihcenl tioh t 
vaponr. It may nevertheless be dUtilUd, in the presence of steam, at a temperature 
of 21^', as is seen in the pnxics^if manufacture, 

loiine, in the solid state, has a specific gravity of 4i)47, the specific gravity of the 
vapour l^tng, according to Dumas, 8'716. Iodine is only very slightly soluble in 
water, it requiring 7000 parts of water to dissolve it ; oven then it imparts a yellow 
colour to the soUilum, and is used in that state as a tost for starch, w itii which it forms 
a beautiful blue compound, which is, however, destroyed by lu at. 

Alcohol and ether dissolve it more leaddy; but th*- mo t pow.rfu! of 

iodine are the solutions of the hdides. loi.ne st.ains t!ic skin, and in<"t or^'anic 
substances, of a brown colour; it attacks the nudaU rapidly, iron or zme b*ifi,r 
readily dissolved by it if placed in water with it, an iodide of the metal 
formed. 

All the compounds of icHline with the metaks and with hydrogen are decompox <1 
by chlorine, and even by bromine, iodine being set free. Advantage is taken ot tins 
fact in detecting the presence of i<Klmc. If the io<linc exists in combination with a 
metal, or as hydriodic acid, its solution will not form ibc cliaractcristic infcns,* h]iu' 
compound with starch, but on the addition of a little cblormc, or solution of Idi arbiug 
powder, the iodine Is set free and forms the blue compound with the starch. If hon - 
ever the iodine exists as iodic acid, it will not act upon starch until retluced by some 
reducing agent, as sulphurous acid. In using the chlorine care must be taken not to 
use too much, as it would unite with the iodine and prevent it acting on the starch. 

Iodine is used to a considerable extent in medicine ; when taken m lai^e doses it is 
an irritant poison, but in small doses it is a most valuable medicine, particularly in 
glandular swelling'^, and in certain forms of goitre. It is also much used in photo- 
graphy. The chemical symbol for iodine is I ; its equivalent number 126'Sd ; and 
the combining volume of its vapour 2. — If. K. B. 

IRIOn, M. A rare white metal, found in connection with platinum and osmium. 
The natural combination of iridium and osmium is called the “ native alloy,’' and on 
account of its hardness is used to point metallic pens. See Native Allot. 

IRISH MOSS. 8eeALG.E. 

IRON (i^er, Fr. ; Emeu, Germ.) is a metal of a bluish-grey colour, and a dull fibrous 
fracture, but it is capable of acquiring a brilliant surface by polishing. Its specific 
gravity is 7*78. It is the most tenacious of metals, and the hardest of all thtwe which 
are malleable and ductile. It is singularly susceptible of the magnetic virtue, but in 
its pure state soon loses it. When rubbed it has a slight smell, and it imparts to the 
tongue a peculiar astringent taste, called chalybeate. In a moist atmosphere iron 
sp< vdily oxidises, and becomes covered with a brown coating called rust. 

Kvery j). rson knows the manifold uses of this truly precious metal ; it is capable of 
being cast in moulds of any form ; of being drawn out into wires of any desired strength 
or fineness ; of being extended into plates or sheets^ of being bent in evei y dirwtion ; 
of being shar[,encd, hanlened, and softened at pleasure. Iron accommodatits itself to all 
our wants, our desires, and even our caprices; it is equally serviceable to the arts, the 
sciences, to agriculture, and war ; the same ore furnishes the sword, the ploughshare, 
the scythe, the pruning hook, the needle, the graver, the spring of a watch or of a 
carriage, the chisel, the chain, the anchor, the compass, the cannon, and the bomb. 
It a medicine of much virtue, and the only metal friendly to the human frame. 

The ores of iron are scattered over the crust of the globe w ith a beneficent profusion 
proportioned to the utility of the metal ; they are found under every latitude, and every 
zone ; in every mineral formation, and are disseminated in every sod. Considered in 
a purely mineralogical point of view, without reference to their importance for reduc- 
tion, they may be reckoned to be 19 in number; namely, 1, native iron of three 
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kiiJiU : pare, nickeliferouA, and stt-elW ; 2, ars^ical iron ; 3, yellow sulplruret of iron ; 
4, wljite iulpbiirel of irun; r>. inafrnitic sulphuret of iron; G, black oxjdt* of non, 
viiher the load^Umo, or susceplible of niajinctism, and titaniferous ; 7, compact /cr 
f.jH^cular mm ore. as of Elba, and scaly /Vr uliyuite; 8, hematite, affording a 
rtd ]H»wjir; *J. luinatiu* or hydnite of iron, atETording a yellow powder, of which 
tin. re are M-veral varn. iie> ; lu. pitchy iron ore ; 1 1, siliceo-calcareous iron, or yeniie ; 
l i. sparry carlM)naie t>f iron, and the compact clay iron-stone of the coal formation ; 
rt. plu'^j'h ue of iron ; 14, sulphate of iron, native copperas ; 15, chromate of iron ; 
I arM ni.Ur (if iron ; 17, munate of iron ; IS, oxalate of iron ; 19, titanate of iron. 

Amonc all these different speciea, ten are worked hv the miner, either for the sake 
<»f the iron which they contain ; for use in their native slate; or for extracting some 
prini'ipli'S fVom them advantageous to the arts and manufactures; such are arsenical 
iron, sulphate of iron, sulpburet of iron, and chromate of iron. 

Native Iron. 

A. Telfuitr Iran, mutrlij pure --This species, which is very rare, occurs in small 
prams and plate';, or inxss.Ne and disseminated. It is malleable and ductile, more so 
than ordin.irv uiallrable iron, and ranges in specific ^avity between 7 and 7*8. •It 
contains carixm. and oceasionallj some other metal, hut not nickel. A specimen from 
tiros* Camsdorf, in Thuringia, analysed by Klaproth, yielded 92 ’o iron,6lead, and 1*5 
copper : its structure was foliated and its texture cr\ stalline. Native iron was found by 
:*”liroib<.'r, in aveinat Oule, near Allemont in Oauphinc. A specimen containing 91*8 
iron and 7’0 carbon {SheftarJ), was observed at Canaan in Connecticut, in a vein two 
inches broad lying in mica slate ; another specimen was found in sandstone at Penn 
^ an, m New Y“rk. Ji>hn states tliat it is niixiHi with the platina grains from South 
America, and more recently M. M-dnar has affirmed that ho has found native iron in 
tile gold s.inds at Ohihpian. It is abo Mated that native iron, with 6 percent, of silica, 
and a little vnlphnr, has h.-in finrid with g.doua in the veins at Eoadhills, and Mossier 
has found ^oh,^ulo in*n in l.iv.i at (ii,i\cneirc m Auvergne. It had a steel grey or 
silver white coUnir hdi.ited texture, and hackly fracture. These instances would 
seem to prove the actual exi^tenco of native iron, which was for a long time disputed. 

n A*<itu'« nickch/croust or meteoric iron — This species is distinguished from the 
hist by containing nickel and sometimes cobalL h is very malleable, often cellular, 
hut sometimes compact, and in parallel plates which pass into rhomboid's or octahe- 
dron*. When polished and etched with acids, it exhibits linear and angular markings, 
or figures, as they have been termed, and from which an impression may 

be printvd on paper. A very great number of undoubted meteorites have been 
tlescnU'd and analysed. The following table from Nicol’s Manual of Mineralogy 
exhibits the composition of some of the most remarkable. 
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Copper 
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0*89 

- 


- 

- 

- 

. 

- 

98-77 


90*88 

8 45 

0*67 

0*002 

- 

- 

- 

- 

- 

- 

loo 

! 7 
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- 
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- 
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- 


- 
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- 

- 
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* With tin+0'04 carbon. f With chromium. J +2-30 sutphiiret of if n. § Wiih ars. nic. 


The insoluble matter in the above contains in 100 parts — 


; In Ko. 

Iron. 

Nickel. 

i riiosph'trus. 

S^ica. 

Carlioii. 

Maynesmm fetal. 

1 

65 90 

1 5 01 

I 14 02 


1*42 

- ' 98*4 

2 

4^-67 

18*33 

1 1847 

- 

- 

9-66 i 95-13 

3 

^ (!s n 

17-72 

1 14-17 

- 

- 

- ' lOd'O 

10 

44*1 

24-.50 

! 11-4 

? 10 0 

■ 

- ! Ou 0 
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TheaboTemnaly8«s*re(^: — 1. A ‘-f ItH lh«. wt’ighi. which f.Kat H^mmiVur. 
in Bohemia, in 1829. 2. A mass wtiirUiiiff !.»So.) fuun l ;n 17*'. r«ar Kra«- 

nojank, on the YeniJk'i. 3. Th.- so-i aH#*-! " V* imv hi*- iSur^^^raf. ’ ir 
in Bohemia, which wt'tgh*‘<i I'M Ih>. 4 . A i«t , I \ i* una w. whuh 

fell at Hraschina, near Ajfrain. m I natsa, t-n 2»’.th M.»). 17 *1. 7) A m 

tlaerlaem MuK‘um, found in 17'>1. on tin- j laui the Clnal J uoh U. . • r an i (»r4f 

Reynet, in the Cape Colony, on^inalU wiiLluniC .ion r,. Fout.tl at 1.* nart«\ m 

Hungry, orijfinal weight 194 lbs. 7 From ClairKtriie in Ma^'ama. ** I r-uxi 1 • 1 ’*m. 
9. li a more recent analysis of the !•». From I^H k}H)rt in N^rth Anur.ca. 

U. From Bitburg. near Treves, which weig!.**! aUivc ”, 5< o lbs. 

According to Sfiep<ird (SiUmians .American Journal), the fall of 
•tones is confined principally to two lones. The one belonging to \n>crira h*' 
between 33*'^ and 44^ N. lal., and is about in Icngtlu Its dircetlm inor.- «»r 
less from N. E to S. W,, following the general line of the Atlantic co,n4t. < >f all the 
occurrences of this phenomenon during the last 50 years, 92*9 jjcr cent. Imt.- rak*n 
place within these limits, and mostly in the neighbourhood of the sea. The z'* .* <•( 
the eastern continent, with the exception that it extends 10® further to the north. ^ 
bonndfd by the same degrees latitude, and follows a similar oonh-eaft directnui : 
burit has more than twice the length of the American zone. t)f the obserred falls .f 
aerolites, 9p'9 per cent, occurred within this area, and were also concentrated in that 
half of the >one which extends along the Atlantic. 

The most remarkable masses of meteoric iron are, that fuind hy Don H-ibin dc 
Celis, in Tneuman in South America in 1781, weighiiic 3'"* f M ’* '■ ' ' • • 
in 1784 on the Uiacho de Hendego in Brazil, estimared to no a-'urc u r ib • t* • t. and 
to weigh 17,300 lbs. ; and that on the lletlUiwr in I^Mn*iian:i, w. glin g abo\« .Um o ll>« . 
and presenting distinct octahe<lral crystals. 

c. 1. AaOrc SUel'lron. — This substance has all the charart'TS of cast ;t 

occurs in a kind of small button ingot, wuh a finely striaO’d surlace and a fraroir* * x- 
ceedingly fine grained. It is liardly to be touched by the tile, and w»U m arcel\ tl.iit- n 
under tlie hammer. M. Mossb-r found this native steel at the vdlage of Benin K.-. 
near Nery, department of the Aliier, m a spot where there had existed a scam 
burning coal. A mass of 10 lbs. 0 oz. of native steel w.as discovered in th.al pbice. 
besides a great many small globules. 

2. Mtspickel; Diprismatic Ar’icniral iron; ylrvcwi/Aow. Tli s niimral is found 
massive, granular, or columnar, and disseminated. U is brittle, with an unovin 
fracture ; colour, silver white, or almost steel grey, with a greyish or yellowish tarmsli ; 
specific gravity 6 — 6*2. When heated in a closed tube it yields first a red. then 
a brown sublimate of sulphuret of arsenic, and then metallic arsenic. Some varieties 
contain silver or gold, in others part of the iron is replaced by cobalt. Viewing u as 
a double sulphide and arsenide of iron, its formula would be FeS* + Fe.A.s which 
requires iron, 3.3'j ; sulphur, Tj-9 ; arsenic, 4G G. A specimen analysed by Plattner 
gave, iron, 34 46 ; sulphur, 2i> 07 ; arsenic, d'lMG. Aii'pi*’Kel isconiinon in the mines 
of Freiberg m Saxony, and in the tin mines of Bohemia, S;!v‘'ia. and in < Ornwall. It 
is of no use as an ore of iron, but it is occasionally worked for tlie .--.Iver it contains, 
and as an ore of arsenic. 

3- Yellow sulphuret of iron; rrismntic iron ppritrs : or ^fitirrisU' — The bronze or 
brass yellow colour enables us to recognise this mineral At tlie blowpipe it gives 
oflf its sulphur, and is converted into a globule attractahlc by the magnet. It is brittle, 
with a conchoidal or uneven fracture. Sp. gr. 4’9 — 51. It is soluble in nitric acid 
with deposition of sulphur, but is scarcely affected by hydroclilonc acid. It is a 
bisulphide of iron (FeS*), 46*7 iron, 53*3 sulphur. Hatchett found 47 ^ iron, .52 7 
sulphur; and Berzelius, 46*08 iron, and 53*02 sulphur. It is very liable to decom- 
position, being sometimes oxidised into sulphate of iron, and sometimes into hvdrated 
peroxide, the sulphur becoming altogether eliminated. It is one of the most common 
minerals in rocks of all ages and classes; it occasionally contains both gold and silver. 
It is used for tlie nranufacture of sulphur, sulphuric acid, and alum, hut as an ore of 
iron it has no comincrcial value. 

4. Hexnhfdntl inm pi/nfes or pj/rene, — This mineral is distingiiisf^ablc from the 
former only by its colour and foim of crystallisation, and was hence till lately con- 
founded with it by mineralogists. Its surface is often radiated. 

5. Afagnetic iron pt/nlef, pi/rrhnflne^^ the mngnetkifs of the Oermnn^. — This mineral 
occurs chiefly in the igneous and crystalline, or older stratified rocks, in veins with 
various ores. Its colour is between bronze yellow and copper red, with a pinchbeck- 
brown tarnish, streak greyjsh-blark, and more or less magnetised. When heated in 
an open tube it yields sulphurous fumes, but no sublimation ; before the bl^^wpipe on 
charcoal in the -educing flame it fuses to a black strongly magnetic globule ; it ** 
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in bv^rocliloric ncid, evolving siilj'hiiivtltHi livdr<.)gcn and depositing sulphur. 
Aecording to (i ibis mineral always ruiitains a larger quantity of sulphur 

tbaii corresponds with the simple sulphide FeS ; and he adopts for it the formula 
:,l'.S + r, 'S’, corresponding With eu -14 iron, and 39-56 sulphur, -which agrees very 
c'.o^h Wiih the anal'ses that have been made by Strumeyer, H. Rose, and others. 

I. /W.irt.ri /. of ir. n : MagneUU, OT native loadslone, DT ocUlhfdraJ iron ore . — This 
v.n rich mi l '.d iahlc ore occurs especially in igneous or metamorphic rocks, either 
in distin. i in sails, or, as in many basalts, disseminated through the mass, when it 
frequ, i.ilv iinp.iris magnetic properties to the rocks, esjvcially to greenstone, serpentine 
or b.vs,ilt. It also forms beds in gneiss, in chlorite, mica, hornblende, and clayslates, 
in ni.irhle. greenstone, and other rocks, hut seldom appears in veins. The largest 
known masses occur hi the northern pans of the globe, in Scandinavia, Lapland, 
Silx-na, and Nonh America. Less extensive masses occur in the Harz, in Saxony, 
llohemia, Silesia, and Stvria ; aiid in Southern Europe, in Elba and Spain. 3fagnctite is 
the most important ore of iron in Norway. Sweden, and Russia. The Dannemora mines 
in Sweden, wrought m ,in cqs n quarry l.-iii feet broad, and 500 feet deep, furnish the 
fine Oenenmd inm, l.irm h tmponed into England for the manufacture of Steel. 
.Some highlv m.igni'lie varieties, especially from Siberia and the Harz, form natural 
m.ignils, piissi-ssing distinct polarity. Others K-come polar only after contact %ith 
magnets of Mifficient power. Magnetic iron ore fuses with extreme difficnlty. it is 
not acted upon by nitric acid, but when powdered is soluble in hydrochloric; its 
jqH-cific gravity varies from 4 24 to 5-4. The chemical formula of pure magnetite is 
FcO.bVO*, corresponding to 3103 of protoxide, and 68-77 of peroxide of iron, or 
of 72-40 iron, and 27 60 oxygen, which agrees closely with the analyses of Berzelius, 
KoIm-U. and Karsten. ^ . . 

Two specimens of magnetic iron ore from Cornwall had the following compositions 
(Or. .VemO: - - 
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7. Ilamutite ; Specular iron; Fer oUgiste; Shombohedral iron ore. — This ore has a 
metallic lustre i colour, iron black to steel grey, hut often tarnished ; the light trans- 
mitted through the thin edges of its crystals appears of a beautiful red colour. Ite 
powder is always of a well marked brown red line, passing into cherry red, which 
distinguishes it from the black oxide ore ; its fracture is conchoidal or uneven ; it is 
brittle, and its specific gravity is 5-2. Its chemical composition is Fe=0’, 70 03 iron, 
and -29 97 oxygen, hut it sometimes contains oxide of titanium, or titanic acid, chrome, 
or o/.ro ; in the reducing flame of the blowpipe, it becomes black and niapetic. 

llaimatite is one of the most abundant ores of iron. The specular variety occurs 
chiefly in the older crystalline rocks in large beds or veins. The mines of the island 
of Elba celebrated from antiquity, still furnish the finest crystals, which occur iu 
rtruse.s of the ma.ssive variety along with pyrites and quartz : fine crystals are like- 
wise produced from St. Go'tihardt, Framont, in the Vosges mountains, the Harz, 
Altenherg in Sweden, and fi -.f K. ’■ n the Ural. Beautiful specimens of 
the micaceous variety occ :r a- / parts of the Harz, at Tincroft in 

Cornwall, Tavistock in li. ».-- . , . ■: V\ . Cumberland, and Perthshire. It 
also occurs volcanic rocks, as in Auvergne, on Vesuvius, .$tna, and the Lipari 
islands, especially Stromboli, where some fine crystals, three inches broad and four 
long, have been procured. 

8. lied heematites. — These ores are found in the greatest abundance in the mottn- 
t.vin or carboniferous limestone formations. _^TIie most abundant depi'sits in this 
country are those of I,anca.shire, Cumberland,' and the Forest of Dean, where the ore 
exists in almost unliniited quantity. In the latter locality they were worked most 
extensively at a very e.irly date, and though as a class they are not rich, yet front 
the grea2 masses in which the ore is found, its cost of production is very low, about 
2s. to 3.«. per ton {.BlackwcU). The iron made from the Forest of Dean ore, is of 
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the quality called red-jlbrl, ani is e4pqf»<aily celehrattd for the manufictun* of (In 
plates, lliis ore U raised extensively for shipnuDt to the iron w rk* of N>u‘.h 
Wale*. 

The Tarring quality of the Forest of iKati i-re^ is shown in the fullow anah 
{Dr, Noad.) 


I 


i i Hi 1 \* 


\ 


I Water 
! (’arb. lime 
! Carb magnesia 
Oxide manganese 
IVroxidc of iron 
Alumina - 
Sulphuric acid - 
Phosphoric acid 
iBcoluble residue 


- 

- 

316 

5 "O 

2 ‘>11 

2 1 1 

T To 

. 

. 

27*01) 

2 '>-50 

60 

14 l‘» 

I' t ■ 

- 

- 

151NJ 

ia.9i) 1 

2’» ifO 

i: lo 

Is ..1 


- 

40 80 

.9810 j 

i 29 00 j 

50 To 

36 *.2 

- 


! 6-01) 

3-60 ! 

! - . i 

1 89 

. 

- 

. - ! 

1 traces 

traces j 

I traces ! 

traces 

trars-s 

. 

- 

, trace* i 

1 traos 

1 traces 1 

0*20 

0 3»J 

- 


1 a N4 

! 8 7<t 

3-50 ! 

5 lO 

18*00 



1 lonsii 

ItMl'OO 

loo 00 

1 00-26 

I"' "J 


The ha?matite of Whitchavrn occurs in the rarl‘or,if,T''Us iirnr^Jon*' n* ir tl)*- f>ui^ 
crop or surface edge of the slaty rocks n|>on who h that be tint. on r» >:>>. Tlso gri atcr 
part of the excavations from winch it i*. fxtrnrted are snhf* rran« <*iis. ;u.d fu» . st. 
is often the mass of iron ore in which the working-* arc earn- d on. that it is d.fTiruIi m 
such situations to obtain a clear idea of the nature of this important depxm.t. ( U ur- 
rington Smgth.) 67,248 tons of the h.Tmatife of the Whitehaven di^itriet i** «in*’!t.d 
on the spot, at the Cleator Moor and W'orkington works, and 264.206 tons an s* nt 
into the iron making districts. In the year 1858, 436, tons were sent awa> by m i 
and railway from the XJlverstone district, and no le^s than 69n,84(> tons of ha ni i- 
tite were exported daring 1858 {Duni% for the supply of Staffordshire. South W.il, 
and other districts from these two localities t'oiisidering its quality, it bring.', but 
a low price, tix. fri>m lU, 6dL to 13«. 6c/. per ton. 

The foUowing analyses of some carefully selected samplea of the hamatite of the 
carboniferous limestone are by Messrs. Dick and Spiller. {Memnirt of the Geologic, il 
Survey of Great Britain. The Iron Orei of Great Britain. Part L) 
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The carboniferous limestones of Derbyshire and Somersetshire also contain reins 
and deposits of haematite, though of a quality not equal to those of Lancashire ; the 
same ore is also met with in the Devonian series of Devon, We«t Somerset, and 
Cornwall. 

9. Brown HwmatUes; Brown oxide of iron; Hydrous oxide of iron. This species 

affords always a yellow powder, without any shade of red, which passes sometimes 
into the bi.stre brown, or velvet black. At the blowpipe it becomes brown, a<s.d very 
attractable by the magnet ; but after calcination and cooling the ore yields a red 
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p*.>wiler, which status paper marly as red t^thc hremaliic dfXfi, and which is mneb 
employi-d in polUhiuf^ metaK AU the yellow or brown oxides contain a large pro- 
poriiou of water in chemical combination. There are several varieties, which assume 
globular, reniform. suilactuic, and fruticose shapes. In many countries this is one 
of the mo^t pU-mifiil an<l valuable ores of iron ; m the oolitic form it supplies by far 
the greater imiulKT of the French iron works. In that state it is found in Nor- 
mandy, Iterr). Ihirgnnd>, I/Orruine, and many other places. It is this ore which 
cxclu-^ivvl^ ‘•ujiphc s the Belgian iron works. It is found in this country inconsiderable 
ipiantan" at AUlon Moor and Durham, but is only used to a limited extent, on 
ace. uui of Its association with lead and zinc. 

'riie iron which the brown lurmatitcs produeo does not at present stand high ; it 
pov<vs^8 fluidity. J)ut has a ^eal tendency to cold «.«, and is most suitable for 

loundry purposes.— /i/ar A irtu. 

The chemical composition of pure br<iwn hnematite is 2Fe“0* 4- 3HO ; 85*6 per- 
oxide of iron ( -- r.M iroin and 14 4 watt-r. Yellow ochre (gelbeisenstein) is con- 
sidered by Hansminn to ben diMmct •'pecu'S; a specimen analysed by him contained 
hi r. pcro\id< of and 4 water, corresponding to the formula Fe*0* + 2HO. 
lh*g iron ore k aKo a h\diate<l oxide of iron: it lyciirs chiefly in bogs, meadows, 
and lake<. ecp* cially in the level districts of N(»rthcrn Germany and Sweden.* In 
Britain u is most abundant in the northern and western islands of Scotland. It is 
gtnerally very impure, sometimes containing as much as 10 per cent, of phosphoric 
acid, which renders it all but useless for iron making purposes. The ectiies, or eagle 
stones, are also a variety of this ore ; on breaking the balls so named, they are ob- 
served to be composed of concentric coats, the outside ones being very har^ but the 
interior Wconung progressively softer towards the centre, which is usually earthy, 
and of a bright jeliow colour, sometimes, however, the centre is quite empty, or con- 
tain*' only a b w <lrops of watrr. AChta occur in abundance, often even in con- 
tinuous' iM'd-J. in ^'H'.iud.irN ni'.untauK. and iiicortain argillaceous strata; when "melted 
tlu-y Meld a e'oofl U'ln 

Suue (*f tho bro\Mi b.i’tnailit s contain a large pirc<ntape of manganese. Their 
geiural ^.onipoMtion is* illus-traud in the following anal}SeS {l>r. yvml). 
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10. Pitchy hydrate of iron ; Peiiicitc; Eisensinter . — This mineral occurs in many 
old mines, espiecially those near Freiberg; and also at Schneeberg in Saxony, Pleiss 
in Silesia, and Bleistadt in Bohemia. It is probably a product of the decomposition 
of mispickel: its composition, according to the analysis by Stromeycr being F*0^,A8 
0*4 PO*,SO*+ 15HO = 35 peroxide of iron, 26 arsenic acid, d sulphuric acid, and 
30 water. According to Freiskben^ it is first fluid, and gradually separates in a solid 
form. In external characters it agrees with Diadiichitey which is Fe-0*,‘2P0' + 
4Fe*0*,SO* + 32HO, according to Gmelin from Plattner’s analysis, viz. peroxide of 
iron, 36*69 ; phosphoric acid, 14 81^; sulphuric acid, 15*15 ; water, 30*35. 

1 1 . Kenife^or Lievrite ; Bisingenie or (hraulife ; xVonfronife ; Pingnite ; and Chloropal, 
are rather rare minerals, composed of peroxide of iron and silica: the former cont.iins 
about 12 per cent of lime; the others are destitute of this earth, but contain fioni lo 
to 20 per cent, of water; the amount of silica in these minerals ranges between 30 
and 40 per cent 

12. Carbonate of iron ; Sparry iron ; Spathosc^iron ; Spharosiderite : SpKthci^cnslcin . — 
This important species has been divided into two varieties ; spathose iron pioper, and 
the compact carbonate, the clay iron stone of the coal formation. Spv'irry iron 
appears ,,to range through nearly the same series of formations as the anhvdrous 
haematites : it occurs in b<^ds and masses often of immense extent, especially in Siyria 
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and CarintUia. In the ErzK-rg, near ^.isom-rz in Siiria, it re<t< *‘n and ic 

wrought in an open quarry. The SrahlNrgand Mimul. near Sehma.ka. 1. ih*- 'i •iiiity 
of laegen, and Muson iu Wc^tj-huha, s’uvr s m.Ur o'cleniuve maiavii ; »h i-.« ui .\i.hait 
and the Harz it forms largo M ins m gr*‘jwack** •»r Devonian ljintston«' oth*T %«ry 
extensive deposits of this ore are f**aud in the Pv r* utvs, and the n.iv|ue pr-'^ inre* of 
Spain, as near Bilboa ; and at Pu ho near in N* w tJrenada, Mwst - f th-se 

localities yield fine crystals . and those alv> <*eeur in nu tallic sesns at .loiehnnsthal 
in Bohemia, Freiberg m Saxon\, Kiaii>thal m the H.ir/. Ib-cralstonr in I>eT>-i,^h!re, 
Alston Moor in Cumberland, and in many of the imni s of Coniwall. p.irl:e.jl.»r!y 
the rare hexagonal prisms i.\ui4). In Kngland the rr\ vt lihm- c.irV»nate of ir>n 
occurs in the Devonians of South SiimenkUhire and Nortli De'on. and in the carU>- 
niferous limestones of Northumberland. 

7'he specific gravity of sparry carbonate of iron varies from 3 fwi to 3 or. Its 
primitive form is, like that of carbonate of lime, an ohtust rhomhtfui. Without ehang* 
ing this form, its crystals are susceptible of containing variable qnantitiea of rarl-mato 
of lime, till It passes wholly into this mineral. When heated before the blowp.p*' it 
turns brown without melting, and becomes attractable by the magnet after U o.g 
slightly heated in the flame of ^ candle. Even by a short ezposore to the air after 
its ^traction firom the mine, it also assumes the same brown tint, but without ac- 
quiring the magnetic quality : after long exposure to the air it becomes wholly con- 
verted into hydrated hscraatite. 

The variations in composition of this ini{Hirtant mineral arc shown in the fo.i-iwing 
analyses. 
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This ore, viewed as a metallurgic object, is one of the most interesting and valuable 
that is known ; it affords natural steel with the greatest facility, and accommodates 
itself best to the Catalan smelting forgo. It wa.s owing in a great measure to the 
peculiar quality of the iron which it produces that the exetdicnee long remarked in 
the cutlery of the Tyrol, St^ria, and Carinthia was due. It was called by the older 
mineralogists, steel ore. 

Coal measure iron stones. — The comp.act carbonate of iron has no n latit n ex- 
ternally with the sparry variety. It comprehends most of tlic clay iron.'itones. parti- 
cularly those which occur in flattened spheroidal masses of various sizes among the 
coal measures. The colour of this ore is often a yellowish brown, reddish grey, or a 
dirty brick red. Its fracture is close grained, it is easily scratched, and gives a yellow- 
ish brown or grey powder. It adheres to the tongue, has an odour slightly argillaceous 
when breathed upon ; blackens at the blowpipe without melting, and becomes attract- 
able by the magnet after calcination. The ironstones of the coal formation admit of 
a natural division into two great classes, viz. the orpiV/aceows, and the blackband or 
carbonaceous. The earthy or lithoid carbonates occur in some regions in the upper 
limestone shales, and they extend upwards through the coal measures proper towards 
their higher limits; they likewise occur in extensive heda in the Jurassic formation, 
particularly in North Yorkshire ; near the nppe^ limit of the lias, or base of the 
oolites proper ; and again higher, as nodules and perhaps as beds, in the fiddle oolites, 
or Oxford clays. They are also found extensively as courses of nodules in the 
Wealden series, and as beds in the green sand. When these gray carbonates contain 
lime in abundance, and when clay is not largely present, they are sometimes changed 
by atmospheric influences into hjdrated hmmatites; in Northamptonshire, for example, 
and widely in France. The only great coal fields in Great Britain in which these 
ores do not occur in sufficient abundance to form the basis of a large production of 
iron, are those of Northumberland and Durham, and of Lancashire. The great im- 
portance of the argillaceous and blackband ironstones of our coal-fields clearly 
shown by the fact, that they supply at least nine-tenths of the entire iron produced 
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' m.u ktceil). They vary considerably in th^ir percentage of iron, which is generally 
rot more than 3<i t > .I'l per cent-, but occasionally ranges as high as 40 per cent, 
rhey are rar.ij used when they contain less than 25 per cent. The varying pro- 
portions of iron, silica, and alumina which they contain is shown in the subjoined 
iitalys-s of the ore from different localities. 
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The quality of the iron produced from the argillaceous ironstone Is cxlr. im I j ci.o<l, 
provided the eoals used for smelling are good. The ore is always used in .a ealemed 
state, by which it loses in weight about one-third or one-fourth, the loss consistim.- of 
carbonic acid and water. The production of iron in South Wales, South Staffordsh i re, 
Northumberland, and Durham, rests almost entirely on the great beds of this mineral. 
In Scotland the ore almost exclusively used is ihc hlackhand ov rarbonaetnut irmtUmr, 
immense deposits of which occur likewise in the coalfield of North Staffordshire '; 
this variety sometimes contains as much as 25 to .'JO per cent, of carbonaceous matter 
but is usually free from much earthy matter ; it often contains phosplionc acid in niian- 
tity sufficient to communicate to the iron the quality of cold shortness. The dis, m, rv 
of this class of ironstone in Scotland by Mr. Miishet in ISIII, and the pom r of ii-n ir 
it alone in the furnace by means of hot blast, consti.ulcd a new era in the nianiif.ictiire 
of iron, and gave to Scotland, till then an iron making district of little importance, the 
pre-eminence over all others, for the production of soft fluid iron, best suited to ordi- 
nary foundry purposes. — Blackwell. 

In France the clay carbonates of the coal measures are only found of sufficient value 
to work in three localities, — in the coalfields of the Card, of the A vevron. and to a 
very limited extent in the coalfield of the Loire, near St. Etkme.—K.' BInrkirtll 

In America it is largely distributed over Pennsylvania, Maryland, Virginia (ibio, 

Illinois, North Carolina, and Kentucky j but from the difficulties of working it in the 
blast furnace, it is not in general use. ^ 

1.5. Vknsphate of Iran ; Blue iron; Vivianite. — 'Xho colour of this mineral varies 
from indigo-blue to blackish green ; the earthy variety is white in the beds but 
changes blue on e.xposure to the air ; heated in a ciGsed tube it yields much water m- 
tumesces, and becomes spotted with grey and red; before the hlowpipo on charcoal it 
fuses to a grey, shining, metallic granule. Transparent indigo-erdonr, d crvstalVof 
phosphate of iron, sometimes an inch in diameter and two inches long, occur with iron 
and copper pyrites in the tin and copper veins at St. Agnes in Cornwall. It was first 
lonnd m the auriferous veins at Vdrosp.'Xak in Liehenherg ; the earthy varieties arc 
very common in Cornwall. Stvria. North America, Greenland, and New Zealand. 
A specimen from St. Agnes, Cornwall, gave Stromeyer— phosphoric acid. .51'18 ; prot- 
oxide of iron, 41'2.5; water, 27'4.S j and another from New .lersey yielded to Ram- 
melsbcrg— phosphoric acid, 28 -40,; protoxide of iron, .q.q n i ; peroxide of iron 12-06. It 
IS sometimes used as a pigment, but is of no use as a .smelting ore. 
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I i ■ Sulphate nf irrm, nalite green ri/rio/.-#This ij formed by the oxygenation of snl- 
j Uuril of iron, and is unimportant in a met.illurgic point of xiew. 

Ij. Citri'ni'ifr nf i/oa ; (trt'iheJrat (hrotne ore ; Chromite . — This mineral occurs in 
•.. ri.. 11 ! me. or in it\ stall, ne limestone, near this rock. It \ras first discovered atGassin. 
1 1 the \ ,ir i! pa'-i r. nl in Trance, and is found in Saxony, Silesia, Bohemia, and 

ri.i; Ills .ill N,,: n ay; and in large masses in the T’ral, near Katherinenberg. It has 
!■. ell ;...i. 1 .iK 1 m c-. .t abundance in Gnst and Fetlar, in the Zetlands ; the mineral 
1 - .a pi. M ,:'i ,i s nil -metallic bistre : colour, iron or brownish-black, streak yellowish 
t 1 1 . l;.-h l.r.iwn. .specimen from Norway, analysed by Von Kobell. gave protoxide 
m in n a'l r,r, ; s s.iuioxide of chromium, .'iyo'- alumina, 9 02; magnesia, 5'36 ; and 
s hia. 4 S,'! ; another specimen, from Chesti r in IVnnsylvania, yielded to Seybert prot- 
o\i ieof iron, .16 (10 ; oxide of . hroniii.m. Ti I'.l ; alumina 1-1 0; and silica, 10-60. It is 
useil in the preparation of v.ii...i.. p.gm ; I'l.e (t,,, treatment and use of the ore, 
s-'C ('liuoMi:. 

16 nil ■!, 7V, I.' i;, el. /, ; Wiirjikr :. — This mineral, which is rather 

r.ir,*. oci irs i.i ci"' at b .mty 1 w.th copper ores in Cornwall ; it has an olive 

pr. 1 1 .-, a 1 i r i‘li. r hriii'e. Its composition, according to the analysis of Berzelius, 
is. .ir- II e . 1 . ,d. lit; peroxi'le of iron, 2K 1 -. protoxide of ir.m, 12 G ; water. 4S-9. 

17. Miiri.ifi ../'iron, 

IS. ttialat, ‘Ilf trim ; Dxalite: Il'imhnhltioe . — This mineral, w hich occurs in the form 
o! capillary crj.slals in the brow n coal at Kolosoruk, near Blliii. in Bohemia, and at 
, ( Iross A imerode in Ilessia, is comjiosed. according to the analysis of Rammelsberg, of 
oxalic acid, 42*40 ; protoxide of iron, 41*1.1 ; and water, 16*47, 

1 9. Tilannte nf iron ; Tifnnllir iron ; Hmenite . — This variety occurs in various forma- 
t ii.s, as in ihe mnisnte of the Ilmen inoiinmins; fa talc, with dolomite, at Gastein in 
S.iU' uig . in the :iri‘nn-\’i‘niili’ at r.gersnnd in Southern Norway; and in gneiti, with 
ui.tn’ii. tic iron or.-, at Ti i dcsir.tn I, and Kragerse, near Arcndal. It is extremely in- 
fiisilile, .atel IS coiis.d. r- d .ojnrious wh-*ii miv.-d with other ores. Its chemical com- 
pos. tnm. ac ndi.iu* l-' 11 To.'., ami Sehcerc r, is a combinatiou of peroxide of iron, and 
bbii. ovilc of t;t iiuiim, in tarioii.s pr.ijmr; ions, the .specific gravity increasing with 
the amount of iron. 

2.'. 'J'unifstiite of iron: ITe/f/om. — occurs with tin ore. forming fine crystals, at 
.Mtcnbcrg in Sixony; at Schlackeiiwald in Bohemia; and in France, in quartz veins. 
In C< rnw.all, cspcci-ally near Iledruth. it is sometimes so abundant as to render the 
tin ore wholly saluel ss. .\n analysis of a specimen from Cumberland gave Berze- 
l.its. tungstic acid, 7b 77; j-rotoxide of iron, 18*32 ; protoxide of manganese, 6*22 ; and 
silica. 1 ■j.'i. 

There is ahun.lancc of evidence that iron was well known in the early ages, and 
wa.s applie l to various useful purposes The earliest method of working the faraace 
where ores were smelted seems to have been by exposing them to the wind: the furnaces, 
perforated with holes, were built on eminences, and could only be worked when there 
wa.s a strong breeze ; the fire was regulated by opening and shutting the apertures. 
Slungo Park gives, in his “ Travels in Africa,” the following interesting account of 
an iron smelting operation in Kamalia, at which he himself assisted: “ The ironstone 
•was broken into pieces the size of a hen’s egg ; a bundle of dry wood was first put 
into the furnace, and covered with a considerable quantity of charcoal ; over this was 
laid a stratum of ironstone, and then another of charcoal, and so on until the furnace 
wa.s quite full. The furnace was a circular tower of clay, about 10 feet in height and 1 
in diameter, surrounded in two places with withes, to prevent the clay from cracking 
and falling to pieces by the violence of the heat. Round the lower part, on a level with 
the ground, but not so low as the bottom of the furnace, which was somewhat concave, 
were made seven openings, into each of which were placed three tubes of clay, and the 
openings again pl.istcrcd up in such a manner that no air could enter the furnace hut 
through the tubes, by the opening and shutting of which the fire was regulated. The 
fire was applied through one of the tubes, and blown for some time with bellows made 
of goat’s skin. The operation wenron very slowly at first, and it was some hours before 
the flame appeared above the furnace ; but after this it burnt with great violence all tiie 
first night, and the people who attended put in at times more charcoal, tin tlie d.iv 
following the fire was not so fierce, and on the second night some of the tubes ivei e 
withdrawn, and the air allowed to have free access to the furnace ; but the he.at was 
still very great, and a bluish flame rose some-feet above the top of the furn.aoe. On 
the third day from the commencement of the operation all the tubes were taken out, 
the ends of many of them being vitrified with the heat, but the metal was not reniovid 
until some days afterwards, when the whole was perfectly cool ; part of the furnace 
w.as llie’h taken down, and the iron appeared in the form of a large irregular ma«s, w ith 
pieces of charcoal adhering to it. It was sonorous, and when any portion was broken 
off, the fracture cvluhitcd a granulated app arance like broken steel.” 

mm2 
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Tbat the iron ore* of Monmoathshiro a^«l Gl'mcesJcr^hire were etten%i<«-l« 
by the Roman* daring the period oY their reisrn in UrKain i» certain, from the m.nn n»c 
beds of iron cinder* that have Wii discovere^i in the Kortvi ol iK an ; it i* prohaMe 
that Bath was the principal scat of ihoir fomidric-* ; relic* of thcif ofn-rat in tiic 
form of cinders, and coins, have hkewis** in'en dia^'o^erM in Yorkshire an i in «.'h- r 
counties. During the reign of William the <’<»n pt-.ror. (Jloucosier mas tin- c }»» re 
the trade of forging iron was chietl> carrnd on, the Forest c»f iK'an sui i '.s mr li.c 
ores. It is uncertain when the art of cas'ing was first iFscm, red ; cannon .u* »i p- 
j>osedto have been 6rst used in Kngland by l-alward the Third. »ho uv-t! them in li s 
invasion of Scotland in 1327, at t ’reitsy, and at the sieg** . f Calais m 134n I !»■ •» 
cannons were not however cast, but weta*con»tnicU‘don the same principle* as co« j- rs 
construct their barrels ; a number of iron bamtittiijg a* close as j»»rt^ihh to » .ich «>ih« r 
were arranged round a c} Under of wood, and were then bound together b\ strong ir -c. 
hoops ; the wood being driven out, there remained an iron pl(ie which formed th* b 
This mode was superseded by ceuttin^ the cannon of bronae. 

During the 14lh and 15th centunes, iron and steel were imported into thU c( urcry 
from (iennany, Prussia, and other places, and also iron from Spain ; hot as sevsral 
impri^ements in the manufactura^had taken place in the course of this period m 
England, laws were made towards the conclusion of the lath century, prohibiting the 
importation of any of the articles manufactured in this country m iron and «te( 1 1 lun; g 

the reign of Elizabeth, the consumption of charcoal by the iron turn. ices w av r*. 
that it was deemed necessary to enact laws to prohibit th«‘ or. eiion of n* w fur* a* . s 
and to prevent the felling of timber for fuel ; fH-rsons inten 'ifed in tli- nnmif.i. hire 
of iron were consequently compelle<l to turn their attention t-i llie tin imir of s*'rne 
substitute for charcoal, and in the reigns of dames the Fir*t and ( hai!e«.t]i.' I imt nanr 
attempts were made to smelt iron with pit-coal, but without suce. sr ; the m- s., .pien. ’ 
was the entire abandonment of iron making in many parts of the country, and a gr- it 
decrease in the manufacture in others; so compleU* indeed was the failure of ail the 
experiments made to substitute pit coal for charcoal, that all attempts were aband«.n d 
till the early part of the next century, when pit-coal was first U‘>ed (171.1) by Mr. 
Abraham Darby in his furnace at Coichrook Dale; and inthed Uli volume of the rhib*. 
sophical Transactions, published in 1747, it is stated, that “ Mr. Ford. fn»m iron .vi.d 
cool, both got in the same Dale (Colebrook), makes iron brittle ortougli us In- pi, •». 
there being cannon thus cast so soft, as to bearturning likesoft iron.” Nofw iths^^n(I- 
ing, however, the establishment of the fact that iron ore could be smelted, and tr.-n 
manufactured with pit-coal, and although great efforts were made, by increasing ilie 
column of blast, by the substitution of steam power for that of horses and human 
labour, there appears to have been a steady and progressive diminution in the quantity 
of iron produced in this country ; and recourse was had to foreign markets, particu* 
larly to those of Sweden and Russia, for the necessary and increasing demand. Thus, 
the imports of iron between the years 1711 and 177fi, were as follows . — 

Tons. 

1711 to 1718 i;).r,42 

1729 „ 173.5 

1750 „ 1755 34.072 

1761 „ 1766 4'^,980 

In 1740 there were only 59 blast furnaces in work in England and Wales, the total 
make of which amounted to not more than 17,350 tons, being an average of 294 tons 
per annum for each furnace, a quantity very little exceeding that sometimes made in 
a single ireek in some of the furnaces in Wales at the present day. 

The earliest contrivance for throwing a powerful and constant blast into the furnace 
was a forcing pump, worked by a water wheel or by a steam engine ; and it appears 
that the first cylinders, at least of any magnitude, were erected at the celebrated 
Carron Iron Works in the year 1760 by Mr. John Smeaton. These cylinders were 
four feet six inches in diameter, exactly fitted with 'a piston, moved up and down by 
means of a water wheel ; in the bottom of the cylinder was a large valVe, like that 
of a bellows, which ro«!e as the piston was lifted up, and thus admitted the air into the 
cavity of the cylinder below. Immediately above the bottom was a tube which went 
to the furnace, and as it proceeded from the cylinder, was furnished with a valve 
opening outwards. Thus when the pi^on was drawn up, the valve in the bottom 
rose and admitted the air that way into the cylinder, while the lateral valve shut, and 
prevented any air from getting into it through the pipe. When the piston ws» 
thrust down, the valve in the Attorn clos4*d, while the air, being compressed in the 
cavity of the cylinder, was violently forced out through the lateral tube into the 
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f rnacc. There were four of these large ejiinders applied to blow the furnace, and 
» . contrived, that the strokes of the pistods, being made alternately, produced an 
alu,.e,i nninterrupted hl.ist. A large column of air, of triple or quadrujile density, was 
thus obtained and afeei, e.|nivalent to these great improvenieiits followed. The 
saiiielurnace that lornu i ly j lelded ten and twelve tons weekly now someltmes produced 
lorty tons in tin- same period, and on the average in one year b.MIO tons of metal 
(S risenori ; an 1 sn. li w.is the impulse giseii to the trade by this unexpected success 
of a [mw. riul hi ,si w ,il, pit-coal, that m 1 the manufacture of pig iron in Kngland. 
' aie.. an.l >eo'lanil amounted to Ots.tiio tons, being an increa.se of 50,950 tons on 
the 'inaniity maniifacliirerl previous to the introduction of i.it-coal. 

'I*® inaiiiifaetuie may be considered to have been 
est.,bl.sh.al in 1799 90 . by the iiitr.eiuctioi. of the double power engine of James 
« att. the rcfrular and jncrcaM-d effict'i winch powerful machine were soon felt 
111 ino-t of tile iron district, . the proprt, tors of furnaces greatly increased their make, 
and (resh e.ipital wa, emh irked in the trade in the short period of eight ye*s, the 

in. ri.nr.ietuie ot |.i:: iron w.,, m.iris double, being in the year 1796, (according to the 
reimiis seni to th. ihatrtn.in ol the r.minitii.e of the House of Commons, on the snb- 

je. 1 ol ih. eo.il Ir.ele. when Mr l‘iit had it in conlentphaiion to add to the revenue bv 
a tax tip m I.sil at the pit ittoulh.) 12.-.,ii79 Ions, from 191 furnaces— 104 Englisifand 

clsh. a*id 1 , Scotch; tho I.riclish and \Nelsh furnaces pr^xiucinc an average of 1 048 
tonv larh jht annum, and the fvotch furnaces 940 tons. In 'l80r,, the number of 
furnace* in blaat in Great Br»uin was ITa, and the make 258.206 tons of pig iron, 
iKMiig an increase m ten >cars of 153.127 tons per annum ; of these 1G2 were coke 
furnaces, the avera^ produce of each of which had risen lo 1,546 tons. In this year 
gn at excitement cxi5ii*d in the iron trade, in consequence of the proposal of Lord 
If. iirA IVtty to levy, as a war (.ax, a duty of 40*. per ton on pig iron; he introduced 
a bill into tin* llousi* ol ( fiinmons h;iving this object, and succeeded in carrying it, 
nofw uli-standiiiff a powi rful opposit.f>n. h\ a majority of ten members; the measure 

wa' hi*w . \ »T a^'.iiuhmotl. 


In ri.inc. . in I'Soi. the .jnantity of cast iron produced amounted to 140.000 tons 
froni ‘'"ill Mast turnaevs. of winch only one (that of Creusot) was worked with coke. 
In I son, a description of the English process of making iron was published by order 
of council, hv M. dc Bonnard (an engineer of mines); another engineer of mines 
(M. de Gallots), after having pa^scd several months in England, establiswhed at St. 
Kliennc the second blast furnace in France, wherein the minerals were treated in the 
same manner as the r.ngb'jh, and in which coke was employed ; but the difficulties 
he had to encounter pro\< d a bar to his success, and he is said to hare died prema- 
turely from the grief and trouble which the enterprise occasioned him (Scrivener.) 
Theemplo\nu*iit (*f pit*coal in the manufacture of iron received a very slow develop- 
ment in France, for in 1818 the quantity of cast iron made wuh coke was very small, 
anti no wrought iron was prepaid with pil-coal ; in 1824 not more than 3,000 tons of 
cast iron were made with coke, but in 1828 it had risen to 17,000 tons. Though this 
did not amount to a tenth of the whole produce, nevertheless thequantity of bars made 
with pit coal amounted in this year to 48,000 tons, being nearly one-third of the 
total manufacture of wrought iron. 

Cast iron, using that term in the sense in which it is now understood, must have been 
wholly unknown to the ancient metallurgists for even in the smelting of their poorer 
ores, where they urged their furnaces with the greatest heat they could ooiumand, 
using probably lime as a flux, the reduced metal was allowed to cool in the bed of ihe 
furn:ice. and was never run into pigs as in the modern practice ; their best iron was 
produced in on© operation, and after cooling and separating the scori.T, it was forge<l 
at once into tough hard bars under the tilt hammer. The time and fuel consumed 
in these ancient methods was enormous, and the iron that remained in the scon®, 
amounted to fully one half of the original metallic contents of the ore. 

The modern processes of iron smelting differ materially according as the fuel 
employed is cbaixmal or pit-coal. ^As an illustration of the method adopted when the 
former is used, the following details of the manufacture of the celebrated “ Oeregnind 
iron ” may be taken, premising that the operations vary in a few particulars in other 
countries where different kinds of ore are dealt with. The ofre^rumi iron is made 
from the magnetic ironstone of Dannemora in Sweden. The ore, in moderatel \ large 
pieces such as it comes from the mine, is first roasted. For this purpose an obloi.g 
coffer of masonry, 18 feet long, 15 feet wide,''and about 6 feet in depth, open at top, 
and furnished with a door at one of its smaller extremities, is entirely filled with 
logs of wood : over this the ore is piled to the height of from 5 to 7 feet, and is 
covered.,,with a coating of small charcoal, almost a foot and a half in thickness. Fire 
Is then communicated to the bottom of the pile, by means of the door just mentioned, 
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amlina ghort iini« the combastion Rprea«hlhrooi:h the whole ma«<. the ‘puT. 
of pyrites that the ore contain- d^ comj K*'d by t*u* v*«l.iiiI.'iatiou of th. *• 1 ur the 

moisture is also drivm otf, and th*' ore, t*n>m !»• mt} hard ai d r* :ra> r\. U - 
comes pretty easily pulven>aM*\ I i th.- spa* .» of i-.t. nt-k -four h' ur» ih - r- as'.i.j* 
completed : and the ore wh* n stitTn .►-»•!> r d i>* tran-firnd t«> a ^ iu,i'. 

where it is pounded <lry, and atV rward- ‘■iiV d thr n-^h a n.-twork **f .p-p, w l ^ ^ .d 
not admit any piece larger than a h u. I-nut o> j i-s It is n'*Mr rr.viy ;•» N- •‘i. * It* i. 
The smelting furnace is a ’'tro: •|’*-»l>'’.r:’ular pil-- <»f nia«onry.the is.t- r’ ai i«:m 
of which, though sunple in f'»riii, i> n-u r\ t-a-.U A* »t riU-*! It may I*.- c- d- r- d 
in general as representing two ur gt.Ur iruncaNd e«M.« j. ii.i-d Ip, i , \ :,s, . 
these the lower is 8<’arcely nw r*’ tlian i.:u'-lh.r«I of th.- i { ; • r. ar -I i*. j .• r -. I ' y ; • . 
openings, throngh the uppi-r «-tid of whieh the blast •'? w.i.d fr m the * h v» . - 
machine is admitted into the furnace; aiid from the lr»w»r the ii.rlt. d i-v'- r. 
both scoria: and meUl, is discharged from time to time at the ploasui - ‘f t' ■ 
workmen. 

The furnace is first filKsl with charcoal alone, and will hcatc<l, after wh.* h ’'■ r 
nate charges are added of ore, epher ahme, or mixed with limestone (if it r- , ir. - 
any tliix) aud charcoal ; the blast is K-t < n, ami the metal in the ore being h.ghly 
carbbnis^ in its passage throi^h the upper part of the furnace, is readily nult<d 
as soon at it arrires in the focus of the bhi>f, w h» neo it suIpuI. m a fiu*d si.it* to th*- 
bottom of the furnace corered with a nulled slag. Part of th. r!i\ ihi» . lo.. . » » . 
loweraperture of the furnace is wcasioually r« ino\.-d, t*» .ill- w lie ‘i - n i ?o t’ ■ t. 
and at the end of crery ninth hour the inm its* If is dl- Img- 1 n'o a 1 I f m <1^ 
where it forms from ten to Iweho small pig-<. As s<M.n a*, th.- ,ro:j h.i- t’. « -I < t '. 
the aperture is closed again, an*! thus the funiace is ki pt in i' • . •-'.r.t j. f % . y d i ,• : 
the first six months of the year, the other six months are employ id ni rrpiir.j g ih 
furnaces, making charcoal, and collecting the re<)nisite proNisH>n of w.nxl ,-tr,d i-i-. 
The next process for conserting the pig into bar iron is refining, for thi« purjo-.- i 
furnace is made nsc of, resembling a smith's hearth, with a sloping ciTity, sunk fpu i 
ten to twelve inches below the level of the blast-pipe. This cavity is filled wuii 
charcoal and scoris, and on the side opposite to the blast pi)>e Is l.iid a pig of riM 
iron well covered with hot fuel. The blast is then h t in. and the pig of iron 
placed in the Tery focus of the heat, soon begins to nn It, .and ns it l..,u,r.i rm s 
down into the cavity below: hero, being out of the direct infiii- nee r f il c it 
becomes soUd, and is then taken out, and replaced in its fonm r p< sitinn. 'I'be y 
being then filled with charcoal, it is thus fused a second time, and afti r ih.nt, a iliird 
time, the whole of these three processes being usually effected in between three and 
four hours. As soon as the iron has become solid it is taken ont, and very slightly 
hammered to free it from the adhering seorim : it is then returned to the furnace and 
placed in a comer, oat of the way of the blast, and veil covered wit]» charcral, wlicre It 
remains, till, by further gradual cooling, it heconus suffirluitly cr.tnpacl to ' . ar ?h • 
tilt hammer. Here it is well beaten till the seori.T are forced out. and ir ,s thr n -hi i,i. a 
into several pieces, which, by a repetition (d' lu-ating and liamni- ring arr mio 

bars, and in this .state is ready for sale. Tlie proportion iif pig iron' obtain- d from a 
given quantity of ore is subject to considerable variation, from the ddlerenco in 
the metallic contents of different parcel.s <»! ore and otlior circuinstancf'- ; but tlte* 
amount of bar iron that a given weight of pig metal is exp.Tted to v ie-M is regulated 
very strictly, the workmen being expected to furnish four parts of the former V«t fi^ c 
parts of the latter, so that the loss does not exceed 20 per cent. 

In some parts of America, particularly in the states of Vermont and New Jerse^v. 
the Cata/an forge is extensively employed for smelting the rich magnetic rres whi.h 

there abound. The form of this fire 
(which is nearly tmiform every wiiere), 
and the manipulation with it in Am* - 
rica, is thus described by Overman ; 
— T he w hole is a level hearth rf sum? 
wrrk, from 6 to K f»*,t .«'jnnre, at the 
corner of which is the r*^'t'pl.aco, from 
24 to .^0 inches square, and fiom 1 > 
to 18, often 20, inches deep. Inside it 
is lined with ca.st inm plates, the 
bottom plate being from 2 to .T inches 
thick. Figure 99.'1 represents a cross 
section throngh the fireplace and tn- 
commonly called tue iron; il re- 
presents the fire-place, which, as remarked above, is of various dimensioir.. The 
tuyere b is from 7 to 8 inches above the bottom, and more or less inclined ac- 
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cording to circumstance*. The blast is pix^uccd bv wooden Kdlows of the common 
f«*rni. f»r more poncmUy by square irooden cylinders, urged by water wheels. The 
or.' chiefly finphnfd is the 
fT\ ■>t.tlhM*d mafrnelic ore. Tliis 
or*- At-ry readily falls to a 
c* ars- fc ind, and when r«'asled 
WTu i fnnn th * «:.zc of a jx*a 
I-)!!!! finest priin. S>nu‘tinjes 
th'* ore i*; employed without 
r ’asjincr. In the working of 
mh h fires much depends on the 
skiii and experience of the 
w orkman. The result i'J Mih- 
j cl to con'-idt-rabh- vari3ti*»n. 
thst 1*“. aaIjuIut rc-'ij'»iny nf 
c<‘.il . r that of ore i«i uiir «‘h- 
jeet 'I liu*^ a infxl’.tu ation is 
re'pi;r*-d in the cor.struciKin 
c.tinrof the whole apparatus 
f’f tn parts of it, Themanipu- 
Ia!i**n Aaru*8 in many resjH?et*. 

< >ne workniao by inclining his 
"'tuyere to the bottom, saves 
coal at tbo expense of obtain- 
in ’ poor yield. Another by 
1 i;r\ Ji:’ his tn-- inm more lio- 
ri7'>,i; I 'a ni th'- C''nun< nee* 
tm nh “htu ns ;i htr.’. r r.in'unjt 
of ir*«n, il.oujh at the ‘^i-ntiee <*f eonl. (I-mkI workmen pay great attention to 
!hetn\er. . an I .iln-r jiv dip areor«ling to the state of the operation. The general 
nnM,uIi‘ion 1 “ as foil iais — 'I’he lu-arth i» lined with a pood coating of charcoal 
dns; ; and the fire plate, or the pl.ito opposite the blast, is lined with coarse ore, 
in rase nin is at our »hs|M>sal. If no coarse ore is employed, the hearth is filled with 
coal, and the small ore pih d against a d.im of coal dust opposite the tuyere. The 
Mas! u at first urg<d gently, and directed upon the i^re, wliik* the coal above the 
tuyere is kept oool. Tour hundred pounds of ore are the common charge, two-thirds 
of which are thus smelted, and (he remaining third, generally the finest ore, is held in 
reserse. tibe thrown mi the charcoal when the fire becomes too brisk. The charcoal 



is piled to the luiglit of two, sometimes even three and four feet, according to the 
amount of ore to be smelted, MTien the blast has been applied for an hour and a half, 
<*r two hours, most of the iron is melted, and forms a pasty mass at the bottom of the 
hearth. The blast may now be urged more strongly, and if any pasty or spongy 
mass yet remain*?, it mav be brought within the range of the blast and melted down. 
In a short time the iron'is revived, and the scoria? are permitted to flow through the 
tapping hole r, so that but a small quantity of cinder remains at the bottom. By 
nicariR of iron bars, the lump of pasty iron is brought before the tuyere. If tlie iron 
is to.j pasty to be lifted, the tuyere is made to dip into the hearth; m this way the 
iron is naised from the bottom, directly before, or to a point above the tuyere, until it 
is Avelded into a coherent ball, twelve or fifteen inches in diameter. This ball is 
brought to (he hammer or squeezer, and shingled into a bloom, which is either cut in 
pieces tol>e stretched by a hammer, or sent to the rolling mill to be formed into 
marketable bar iron. A mixture of fibrous iron, cast iron, and steel, is the result of 
the above process : the quality of the iron depends entirely on the quality of the ore, 
for there are no opportunities for the exercise of any skill to create improvements m 
. nnnr ore« cannot be smelted at all. In \ ennont, where the rich mag- 


the pn>cess : poor ores cannot be smelted at all. 1° Vf™ont, where the rich mag- 
nvtic ores are Employed, a ton of blooms costs abont 40 do lars ; 4 tons of ore, and 300 
bu.hels of qharcoal arc required to produce 1 ton of blooms The Fon^can.v a 
P>.W of (he French, or Stiick oftn of the Germans, holds a pUce intermediate be- 
tween the Cntahn hearth and the high blast furnace now m general use. The iron 
rri».lnced in this kind of furnace is generally of a very superior kind, hut u is very 
htlle in use at the present time, on account oMhe great expense of us mmupulation. 
The SlUck ofen. or salamander furnace, as it is sometimes called, is a small cupola, its 
interior having the form of a double crucible. It is usually from 10 to 16 feet high, 
and 24 inches wide at bintom and top ; and measures at its widest part about 5 feet. 
There are generally two tuyeres, both on the same side ; the breast is open, but du- 
ring the smelting operation it is shut by bricks. The furnace is heated previous to 
closing in the breast ; after which charcoal and ore are thrown in ; the blast is then 
^ W M 4 
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tamed on ; M *000 »i the ore passe* the toyere, iron is deposited %i the U tf- m . f t' • 
hearth; srhen the cinder rises to the luy*%, a portion is sufft ml to • if.r* u;:h i 

hole in the dam : the tujeres are f^ nfmlly kept low upon the ^url'an- i t ti r n.eii' i 
iron, wnich thus beronus whitened a'l the inm r <es tliet«y*ri « are ra*‘d. I. 
about 24 hours one hm of iron is dejH».iied at the h't'oni of the furna. ’he h:.i*t , 

(iirnefl off. and the ir. r.. wh.v i 
IS in a «<)lid inas-s. in thv !<>rin : 



a sal.imandiT, or i .i* t’. 

(Jerir.ans call .t, h|{*tl .*»• fr«>. i 

the h«<ttoin hi cro^hir#. tak* 
hj a pair i*{’ f**’ wh > 

are fast* n» »l on rljain*. : ‘i* . 
on a SKin^ crane, and ti.>n re- 
moved to ananril, wh» re it 1 % t!..' 
tened hy a tdt hanmter into fn:. 
inch thick slabs, cm into h •> r 
and Anally fttretched into liar ir- 
hy smaller hammers Meanwhi 
the furnace is char/ted anew with 
ore an«! coal, and the same pri 
ce*5s i« rene«»il. Th.^ jr 
As well a« thit of til. < ’ 

hearth, ih iinpt ict, .•.!*>'. uttli er* 
eontamm;: nn,i h hneiun m.itt'r 
or h ss ih 111 40 {> r cint of nn ta 
The general form of the m.* 
dern charcoAl Mast funiaci*. a. 
usetl in the I’niird S'a'i«i, wh« i 
this fuel is far more conmum tha 
pit-coal (indeed, it i* d«*uMfi 
whether any coke fumnccs arc a: 
the present time in opera!. on i-i 
that c(»ui)tr\ ). iv slp.mi tu \« it.c. I 

section in hV- 9'“* h ”» Mctjo-. 

through the tuyen* arches m ,//. . 
995. The ores designed to h ■ 
smelted in this furnace arc h} - 
dmted oxides of iron, such r- 
hrown hrematite. brown iron stom . 
pipe on*, and hog ores. The height 
IS 3.'» feet; luarth from base to 
tlic h«)s]u“:, h-rr, r, inehes ; widili 
at the hotfum, Uf inrhes . and at 
fop, inei.es The tnxr res ar • 
2U incht s above t),o Tli 

hoshes are 0 feet r» ir.ehes ]n dia- 
meter, an-l nieasnre fmm llie toj 
of the cniclhle 4 feet, which givt «. 
ahnut slope. The blast 

conducted through sheet iron or 
cast-iron pipes laid below the hftt- 
tom stone into the tuyeres. Ti- 
top is furnished with achimne\, 
by which the blaze from the tnniK I 
head is drawn off. A tout. d (h ■ 
top is a fence of iron or wood, 
"/'.y 99h shoMstlie metlxMl of pre- 
paring ard arrangin;? the liearth- 
stnnes. H is the bottom stoDt . 
made of a fine close-grained sar.d- 
.stone, from 12 to lo inches thick, 
at least 4 feet wide, and 6 feet 
long; it reaches underneath at least 
half of the dam-sione A. Thi*' 
bottom stone is well bedded io 


fire-clay, rnixed with three-fourths sand. After the bottom stone is placed, tfie upper 
part of which must be three-fourths of an Inch lower at the dam-stone tlian at tho 
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lack, ihe two sMc atones r, arc laid eniK'd<li*d in fire-clay. These stones must 
1 •• at lea't 6 fo«-i and a half lonp, reaching TJSm lb inches behind the crucible to the 
in.ddU* of lilt* dam-*-*' ggg 


t>.rm is nn»'t >- jiisre. 

t! it js, a prism of t-nir » pial 
s. it-s . !h«- iriusNcrs-. oj 

t\'' ^ram nni’-t l>f in all c.iSv s 
p icc«l t'. wards tlu- fire; the side 
s;..i . s :ir*- s .moiinn s s piare, hut 
n.-r aocordinp to the 

«if tile hearth. I 'pon these 
stones tlie tuyere stones </ are 
! ed«ie<I; the latter snfT>r n m !i 
from heat. and therofo;. oujhi 
be of the best ij’iib \ Ti.- \ 
siu'Uid be fjoin 'JO to j; 5’ . h ~ 
s.|nar.'. of « \ -11 ho 1 t b - p' \ • re 

lio'. s r. a kii.d <*{ t .jH r ar<.]». arc 
cut f ut U tore the soines arc 
UMhh d. Thes<' Stoll, s do not 



reach further than to the front or titnp«tono and arc therefore scarcely four feet 
lotpj. the top stone <*, is peneralU sufficiently high to raise at once the crucible to its 
'lestmed height AAer IkuIi sides arc ftiiished the back stone / U put in, and then 
the timpstone, <7 : the space Indwccn the hearthstones and the rough wall of the 
furnace stack is filled and walled up with common brick or stones. 

In st.irtinc a charcoal furnace, it is first thoroughly dried by burning a fire for 
s‘v*ral w«‘<Ks in the iut-Tior. whjeli has a temporary lining of bricks. The lower 
j.a-t of tile fnrn ic,' or the lu ai ill is tin n filled gradually with charcoal, and when the 
Sn. 1 is well uiiit.d. niid th* furna< c half filled, ore may be charged in ; it is some- 
t me-. :i-h pabb i<» ui- r. the drauglit h\ lorming grates b> laying across the tiinp a 
sht>rt inin bar. as Inu'h ii]) as the d im-stoiie. hy restintr u)ion this bar six or seven other 
bars or nngers, and b\ pu'hmg tluir points against the back stone of the hearth. 
'I'here is not much iron made during the first 2 4 hours; most of the ore is transformed 
into slag, and the iron which comes down gets cold on the bottom stone, where it is 
retained; the blast shoidd nut he urged loo fiisi at first, but increased gradually, in 
order to avoid the s<Tu>us ev il arising from a cold hearth; if all goes on well the hearth 
will he fr. e from cold non or clluker^ in a week, the yield of iron will increase, and 
the bur'b n mav \.e increased likewise. The average charge of charcoal, which should 
dr\, coaise. and hard, is abont*I5 bushels. According to Overman’s experience, 
the most favourable height for a charcoal furnace is 35 or 36 feet; if below this 
stamlard they consume too much fuel, if above they are troublesome to work ; if it be 
desired to enlarge the capacity of a furnace, he thinks it better to increase the 
diameter of the boshes, or to curve the rertical section. There is much difference of 
opinion amongst managers of furnaces on the subject of the proper size for the throat 
of the furnace ; the tendency of narrow throats would seem to be to consume more coal 
than wide ones, inasmuch as in Pennsylvania and throughout the whole west, where 
narrow tops are preferred, the consumption of charcoal per ton of iron is from 160 to 
ISO bushels, while in the state of New York, and further east, where the furnace throats 
arc wider, the consumption is from 120 to 130 bushels. Another subject which 
demands the strictest attention is the regulation of the blast. A weak soft charcoal 
will not hear a much greater pressure than from half a pound to five-eighths of a 
pound to the sijuare inch ; strong coarse charcoal will bear from three quarters of a 
pound to a pound ; and again, it* may bo laid down as a rule that the larger the throat 
in proportion to the boshes, the stronger ought to be the blast, and that a narrow top 
and wide boshes, while they permit a weaker blast, involve the loss of much fuel. In 
every case a careful roasting of the ores at charcoal furnaces will prove advantageous ; 
this 18 the surest means of saving and blast, and of avoiding many annoyances in 
the workingT)f the furnace. 

With regard to hot blast, as applied to charcoal furnaces. Overman remarks, that 
under some circumstances it might be advantageous, hut in others it is dvcidedly 
injurioiis ; that it is, at least, a questionable improvement, and it may be doubted 
whether the manufacture of bar iron has vienved any benefit fVom it ; quaUta- 
tivtlif it has not. Hot blast is quite a help to imperfect workmen : it melts refractory 
ores, and delivers good foundry metal with facilUy. 

English process of iron making . — >fr. Hunt, in fiis very valuable Mineral Sta- 
tistics,' 'gives us the total quantity of pig iron produced in Great Britain in the year 
J85S .’—3,456,064 tons as follows.— 
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i * 

Nortlioniberlaud - - .... 

Durham - - - - - - • • -» '.I'-* 

York-hire, N'Tth Ui'l i - - - • • » ■ * 

I)o. Wfsl Hidini - - . . . 

Dvrbjshire - • - ... Ivl.-TT 

l^ncushire - • - * - - ^ t * 

Cumht’rland - * - - - 

Shropshin* - - - - - - - • ». 

North StaffonUhire - - - - * - 1 

South Sufforrtshirc and Wont kt' r>hjrf - * 

(Iloucesltrshiro - • - - - • • 

Northamptonshire l».r'o 

Wilts and Somerset o.o* > 

North WaU'S 

South Wait'S tH6,47K 

Scotland 


3.456.064 

The number of furnaces in blast to furnish this nstoni*ih'pc makr ar«'. in !‘r i:. ). 

332, distributed over 16*2 iron works; in Wales. 1 > ». di»tr hut- <1 i»\. r '7 ut.rks i-,.l 
in Gotland, 133, over 32. To supply tin se funiacr'i r»' wir*- ri .j •« < i '.-* /.* 
tons of ore, the estimated value of ^htch. at a rnran of \ \k j.r t ^ t iJ2 
that of the pig iron, at a mean money vahu* of 4^ a ton. \ > ntj; ]:].'• ji.j t )f tff 
ironstone 1 . 650,000 tons wore argillaceous rarboii.ile from the ("uI n.e ;>.iire«s nf ‘i af- 
fordshire and Worccster>hire; nearly l,rit>0.0(»o tons trom the coal no a«'ire« of N<»rt]i 
and South Wales } and 2, 212, 250 tons nrgillaeeous carbonate from Sroii.Tnd. I'he f*n- 
nual production of pig iron over the whole world was estimated hy Mr. lU.ickwdl. ;n 
December, 1655, xs follows : — 

T«ui. 


Great Britain . 3 , 000.000 

France - T.'io.uoo 

United St.-Mts of Atncr.ca T.VJ.ood 

Prussia 300.000 

Austria - 25 iM»oo 

Ikrlgium 200.000 

Uu.ssia 200,000 

Sweden 150,f)00 

N'anous German Stales - - • * - - 100,000 

Other countries 300,000 


fj.flOO.i'OO 


From whieli it afpe.ars that the quantity of iron made annually in thi*! i«:lnn ! alone, 
is nearly, if not quite, as large as the total quantities prrduoed in all otii--r e-.nntri. s. 
The nature of the ore winch forms the staple supply of the KnL'i>h furnap< ^ (.trtriN 
laceoiis carbonate), and the universal adoption of coke and <:<<al ns fm-1. li.aM' led bv 
necessity to a method of manufacture of iron quite pecuhar to this cmntrv.and wholl> 
inapplicable to those establishments that are carried on by means of charcoal. We 
shall proceed to describe the various steps of this manufacture in deta l : — .and first. 

0 / the blant furnace, — The blast furnaces at present in use are of various sl?:"s, being 
from 35 to 60 feet in height, and at the boshes^ or widest part, from 12 to 17 feet. 'I'he 
internal form commonly adopted consists essentially of two frustrums of cones meeting 
each other at their bases, at the point where the widest part or the top of the bosh- s 
is ‘■itnated. From this point the furnace gradually contracts both upwards to ns 
n,ontlj, and downwards to the level of the tuyeres btdow. The hearili. propi-rl^ sjvak- 

ing, is that part of the furnace only 
wnich receives the metal and 

cinder, as they fall bch'W the level of 
the tuyeres. It furm^ a .‘short pro- 
longation from that point of the l<»wer 
inverted cone. From the lM>shcs 
upward the width gradual :t decrea^'cs 
to the tunnel head, which varies from 
7 to 9 feet in diameter, according to 
the .size of the fnrnacc. Th|^ hearth 
is generally a cuhe. from 2j to 3 feet 
sq tare. The air is introduced by one, lw(>, or three small apertures, call^ tuyeres. 
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hen two tuyeres are used, the ortfiecs of their bU>wpi[*es are about three inches in 
diameter, and the pressure of the blast is fibm to ^ lbs. on the 8<juare inch. To 
prtveni the tu%eres fr«)in being melted by the intense heat to which they are ex- 
pond, a stn-a n of coM water 

JH caust'd con«tar.tlv t'» flow 958 


round iheir j.o/z!rs an 
arranjronif lit whi'li will he 
i:iiin«' iiatt tv ii!..lerst- <><1 l.y 
an r.sp vioui «'t fhj. 99*. 
vr;. cii r' pres^eti's a section 
(>f a tay re nozzle thus pro- 
d. the cold water cn- 
t« nntf the casing by llie tulK.* 
a. an 1 the hot wat(r nm- 
liinzoffb) the tube A. 'I'be 
ij;-p. r p irt o;' t'u- {'r.'.-a e 
ab<.\r th,' h s K c'-:l d 
till e »i« or 1: is f.*niied 

hi .an intin r »i:.ing of fire- 
briek, n'out 14 tnclicK in 
ih rknefs between which and 
the exterior masonry is a 
.■'iRingof fine refractory sand 
compactly rammed in, air 
ho]e« be’Tig lefi for the oscape 
of aipu'O'.is vapour. In the 
bai^e of the furnace f<< .r 
areiit’v ari b 0 liu i'\<'k a id 
f.' 1. S are I' ill' d I h ».»• '. 
tl.< fr-eit II. ( tiled th- « <« /< / 
f'til : till h ttli'in of tlu* fur- 



n ire IS fornu'd < ither of large 

M'^ks of o«>arsc 8au<Kt--ne or of large fire-brichs. The mttcriiils arc charged into 
tile furnace through the tunnel head, which is provided with one or more apertures 
for the purpose. The general form of a blast furnace is shown in Jig. 098, and the 
f dlowiiig inca^ureiiK-iu.s np-tsent the interior structure of two that worked well: — 


Heiirlit f"om the honrtii to the throat or mouth - - 45 - *49 

Height c^f the crucible or hearth - • • -6j- 

of the boshes* - 

of the cone - - 30^ • - 36^ 

.. of the chimney or mouth - - - 

Width of the bottom of the hearth* • • * - 2 

,. at its upper end - -i 

ofthehoshesf ------ I2§ - - 1->| 

„ at one-third of the belly - - - - 12^ * - 11 j 

„ at two-thirds of ditto - - * ' * " ill 

at month - - 

Inclination of the boshes J- - - ” ' - 50 - - o- 

Fig. 999 represents the hearth and boshes in a vertical side section, a is the tymp 
stone, and h the tvmp plate, for confining the liquid metal in the hearth. The latter 
is wedged firmly Into the side wells of the hearth ; c is the dam-stone, which ^cupies 
the whole breadth of the bottom of the hearth, excepting about six inches, which space, 
when the fhraace is at work, U filled before every cast with a strong bindiii| sand. 
This stone is fkced outside by a caa 4 -iroh plate d, called the dam plate, of conwderable 
thickness and^pecoliar shape. ITie top of the dam-stone, or rather the n<>lch of the 
dam-plate, lies from 4 to 8 inches under the level of 

under the tymp plate, for 5 or 6 inches down, is rammed full for every cast with a 
strong loamy earth or even fine clay, a process called tymp stopping. 


# vniA «i.lth of tbe b«»rth aiffers sreallr in the fumRces In different localitic?. In Pontland it v.-irie8 
from^to^ feet • i?tbe Wd.h to « "’hen coke is usrd os fa;I .Mr Truran ti.inks 

f, feet a sufficient width for all purposes ; but with coal, with fuU-sized furnaces. If. to 19 feet across the 

boshes he thinks a 7 feet hearth to be more aiUantageous. ... 

f The diaroeter of the boshes in some of the Welsh lurnaces is as much as from 18 to 19 _ 

t The Slglewith which the boshes rise in different furnaces varips from to ^r. Tmr^ 

thinks that when the full smeltinp power of the furnace is desired, the angle should not be less than TQO, 
which is about that of tJie Scotch furnaces. 
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Th“ blowing maclimcs omp!oyt‘«l in Statrori«»hirt' nro n« r4li} .r n 
in which a metallic piston is exactly fm*'\ as for a s‘. i.n etv'srir. an I n. x 1- m t;i< ’ 
way. Towards the top and n 4»f th'* Unvraiz e\isn l. rs orin*'* s \r»- *: red 

w.th vlinh ••jx-ri % 1., :» li.,- 

r'i'iia IS In *. uh the c}l'nier«. -I r* 
war's b\ i;> .r i*wn wt.jjh*. A j s 

C«»«dti« t .lit > th»* iron gh.lf «<r ?li* air 

f\j»eUe'! th"’ j Nklh in lU .t. I 

dfse.ait, U.-Aii-t il.. 'e blowing ma«.h.n. fc base 
ftlw.ws i • s r. k*’ 

Tb»‘ pr- S' ir.- of tin* a.r is mad-' to sary 
through a Tt r\ rot;M<ler.ible rang*', ac. ..r br.g 
to the natur<* of the fuel, and the M-as.-n ••• ih.' 
year for as in summer the alinmpln re is mur*- 
rarefied U must be cxps'Ued with a r- n p n> 
sating f<»rer. The limits arv from U t*- 
pounds on the inch, the average in SiatTord* 
shire Uing 3 lbs. The orifices, or nose pij-s 
throQgh which the air iMoes, also vary with 
the nature of the mke and the ore. 

In a blast ixpparatus cinplost.l at ihe i‘\’''.''h'i 
works, moved by a 90 horse steam power the piM'»n nnl of the l < \ , 4. r 

i' connected by a parallelogram mechanism with ihe opposjt,. rn l • f th.- w..rkio<^ 
b.am of the steam engine. The cyhn hr 9 feet 4 iri. hes litani* {• r. ai, I •« f* . t 
4 inches high. The piston has a stroke H teet bniir. nn-l n rises l \ ti.j ts ,n the 
numito. By calculating the sum of the space p'Tcurs *4 hy the piston in a imnnf* . ,an4 
supposing that the volume of the air expelled i> e«jiial to only '*r» per cent, ot tb.it 
sum, we find that 12, .’■>‘•8 cubic feet of air are pr -peiled evJry mmute. H* s r. ,i 
horse power applied l<» blowing machines of this nature gives on an average \'>7 
culiie feot of air per nunule. 

At the tstabhshinent of Cyf.irlha for blowing seven s.mlting furnaces and tin* 
seven corresponding fineries, tiiree steam en.:im s ;.r»* employ . 4, (me of iiu horse power, 
another of 80, and a third of 40, which conMitiUe on the w I1.4,. a f,.ive i.f 2 Hi horiu \ 
or 2f> horses and ^th per furnace, supposing the fineries to ennsume oi.e-cighth of the 
blast. In the whole of the works of Messrs. C'rawshay, the proprietors of ('yfarih.a, the 
power of about 340 horses is expended in blowing 12 smelting furnaces and th« ir 
subordinate fineries; which gives from 25 to 26 horses for each, allowing as before Irh 
for the fineries. Each of the furnaces consumes about 3,5C7 cubic feet of air i"er 
minute. ' 

The form of the blast furnace from the bo^h* « to the throat is exhibited in f!^. 998 
as a tninc.ited con*', and «nch was formerlv iin.inaMy the oon-tniciion ; ofhue vears 
however conj.'rif.r.ihIe vari.Uions have hi'on inti. du-'od. In Scotland the body of the 
furnace frcqtiontlj. is carri-d up t\lindnoaI, orjoariyso. bn a conMfUraMo’ht'ight, 
terminating wnh the u^'ial truncab d cone to tl;.- in'.uth: in ntln r pi tros a nir'.cd hue 
is substi'iiferl for a strai:.dit on<'. The firm adopt-d m M>nie furnn.is r-ontly 
erected at Khhw Vale and Blaina is shoan in,/?'/. Joo i 

The diameter of the throat or filling place is'aVuhje«t of very great lm]>ortanre to the 
operations of the furnace. Most iron master^ are, believe, "agn ed a*; to thf impolicy 
of the narrow tops formerly adopted; the waMe of fm l m such furnar. s, •wb,re the 
Width of the throat scarcely averaged one-fourth of tlm diameter of the furnaoc. was 
'ery great, the average yield of coal to the ton of crude iron exceeding t<m« ; hy 
en.arging the throat to one-third, the consumption of coal was reduced to 4 ton'i. and 
by (ontinuing the enlargement to one-half it was reduced to 2 tons. Mr. I mran 
t at ^ t!,at on reducing the diameter of the throat of a furnace at Dowiais from 9 fe. t 
to 0 . the make of pig iron weekly fell off from 97 tons, to an irregular m.ike of from .50 
to 70 ton^ ; ao.l lli.it Whilf ivitli the 9 feet throat the consumption of coal was t.'i cwls. 
to the ton of iron, it ro-o with the 6 feet throat tif 7(), 80, and 90 rwts,, the qinrlity of 

the iron being ex dingly had. On enlarging the throat to gl feet. tCe make, for a 

penod of 6 montlis. aieraged over 160 tons, with a good yield of coal and other 
materials. Mr. T ruran appears to qticstion the utility of reducing the diameter of the 
furnace at the top, which was only adopted in the first place from an erroneous 
impression that the furnace could be fdled best through a contraelcd mouth ; but it 
may he (picstioned whether this widening of the throat may not be carried too far. so 
as to the healed gases tro rapidly, and whether a diameter much greater than 

one-half of Uie largest dimensions of the furnace above the boshes can with utility he 
adopted. On this subject Sir. Kenyon BlackwcU says, “ If that part of fne blast 
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furnace commencing at the point ^hcre itAttains ita greatest vi<Uh xrere continued 
of (he same wide dimensions upwards to its mouth, two objectionable results 

would ensue: 
6rst the upper 
pan of the lur- 
iiace would be 
cooled by the 
too rapid dis- 
persion of the 
a.«;cending column of heated gases 
and b\ tlic entire absence of the re- 
\t rbi rating effect of the contracted 
mi'titli; and secondly, the materials 
could not be equally spread from 
the filling holes over so wide a sur- 
face The diameter of the upper 
part furnace ought, therefore, to be 
su^li as ^ill cause the m^rials 
thrown in at the filling boles to dm- 
inhute themselves cinially in tlic’r 
descent o%er every part of the sec- 
lional area of the furnace, and will 
produce such a reverberation only 
of heat as sliall be sufficient to ex- 
pel the water and carbonic acid 
contained in the materials, without 
consuming any of the carbon of the 
fiul, which ought to remain intact 
until it reachc.s the Ion'ct regions of 
the furnace, where it is vaporised 
ns carbonic oxide, and j'roduccs 
t!;e reactions on which the reJuc- 
th^n of the ore depends.” 

Cairwnfion oj the ironetone, — 
This is effected either in kilns, or 
in the open air ; the object being 
to separate carbonic acid, water, 
sulphur, and other substances vola- 
tile, at a red heat. The operation 
is performed most effectually, and 
probably at the smallest cost, in 
kilns. The interior shape of the 
calcining kilns differs in different 
works, but they may all be reduced 
to that of the common lime kiln. 
A coal fire is first lighted at the 
bottom of the kiln, and the iron- 
stone is placed over and around, 
until the floor is covered with red 
hot ore ; a fresh layer of ironstone, 
with about 5 per cent, of coal, is 
then laid on, to the depth of 8 or 9 
inches ; and when this is red hot, 
a second layer is added, and so on 
gradually till the kiln is filled ; by 
the time this is done, the lowermost 
layer is cold and fit to draw, so that 
the working of the kiln is a con- 
tinuous operation. ^Vhen the ore 
is calcined in the open air, a heap 
mingled with small coal tif neces- 
sary), is piled up over a stratum of 
lyger pieces of coal, the heap being 
or fi feet high, by 15 or 20 broad. 
The fire is applied at the windward 
end, and after it has burnt a cer- 
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tain way, the heap is proton (r«l at the (Hhcr extrcmilT, m far as ih- ratur.- cf iKe 
gToaod,or the eonsrenience of work retiuirs-a. From tho ini|x s>il ili!) i f r. the 

draught, and from ospossire to the wea'lur, the rak-mation of or.- nmo l ! » . «i!l 
performed in the open air as in kilns; and ns to tho r. 'ntm- st . f il,r t*.- no 
Mr. Truran calcuiatos tti-it tin' umintitj ot co,il r l--n of or.- .s. in tin ki n, ..n. 1 to - 

dred-weight of small ; atnl in the op, n air, two Inin lr*-'l « . -ehts of ,n s 1. ai -1 .i h i f 

hundred-weight of large; ami tli.it whil,- tl.,- eost of g tl. - k ! , :< • .ir !i a 

penny per ton, that of slac-kieg the heaps i n tin' i-pt n r j l.in. a; .1 w.an i.;r g l! • m 

during the period they are tinder fir,', nntot.nls to f- nrj . e..-.- |s r t o. Agi;-t 
this must, however, be placed the rost of , reel tig tin- k; n, whnh ..r t.,i- ■■ 

same authority ainonnl.s, for a kiln of a cnparity eipial to To tons of arpi.In . . i.-s • r . 
which will calcine Hti ton.s weekly, to Itltt/. The ironstoiie hwes l.y calc t.-'p tr la 
2.> to *10 per cent, of it.s weight ; it has undergone a remarkable change hs tl.,- , ; . :a- 
t;on; in the raw state, it is a grey or light brown atony he. king auhstance. to i i- 
tracted hy the magnet; aider calcination it baa a dry feel, adherea strongly o. 
tongue, is cracked m all directions, ia of a light reddish eolonr tlironghout, ami -a. •- 
powerfully on the magnet. It shonld be carried to the fumace as soon as poaatbU-, . r 
if koiit should be carefully protawted from the rain. 

Flux . — The only flux that is used in the blast furnace it timtttone, cither in the stale of 
carbonate as it comes frwn the quarry, or calcined in kilns, hy which it is di-priv, 1 f 
water and carbonic acid. The lowest bed of the coal foniiation t.siially r '*< .-it 
limestone, and in the coal formation itself are found not only li... . r- viol its 110 .^, 
appropriate fuel, bat the pebbly grits which afford the hoK-ks of refr n-t. n it. .;,.- 1 :. n «. 
sary for building those parts of an iron furnace that .are n quin .1 In . i,,liir. th. nin. s| 
extremity of heat, as well as those seams of refractory clay, of which the tire hro ks 
are cotnposi^ with which the middle and upper parts of the furnace ar,. lined. " Tl.i.s 
many situations in this favoured island may be pointed out, in which all the . 
mentioned materials occur almost on the same spot ; and when to this is join, .1 th,- 
convenience of water carriage, as happens in many places, that man miisi iii'l. ,1 
be of an obtuse understanding and a churlish temper in whom this wise arrange- 
ment and prodigal beneficence of nature fails to produce corresponding fw.lini- ■' 
— AiAin. 

Tim composition of the limestone to be used in smelting operation-. 1 , of c.ns d. r- 
able inqto^ce ; where calcareous ores arc used, the presence of s.liric aci.l tn th.. 
limestone is advantageous; if clay ores are the main material from which iron is ma- 
nufactured, a magnesian limestone is preferable, hut an aluminous limestone shoii!,l 
be used where siliceous ore predominates. Chemical analysis alone can determine to 
which class a particular limestone iM'longs, as there is often nothing in the extem.-il 
appearance hy which a pure iuncstonc may be distinguished from one containing -to 
or 50 per cent, of foreign matter. 

Carbonised pit-coal or coke was, till within the last t-n-entv-five years, the sole enm- 
biistihie u.sed in the bla,st furnace. Coal is coked either in the open a.r or in kilns. 
In the former, as practised in Stall'ordshire, the coal is di'lnbut.d in circnl.ar 
heaps about 5 feet in diameter by 4 feet high, and the m'd.llc is ocenp.o-l l-\ .a l,.w- 
brick chimney piled with loose brick'^. to open or to leave interstict's between tl.« ni, 
especially near the ground. The larger lumps of coal are arranged round this 
chimney, and the smaller ones towards the circumference of the mass. AVhen cverv- 
thing IS adjwted a kindling of coals is introduced into the bottom of the brick 
chimney, and, to render the combustion slow, the whole is covered with a coat of coal 
dross, the chimney being loosely covered with a slab of any kind. Openings arc 
occiisionally made in the crust, and afterwards shot up, to quicken and retard the 
ign.tion at pleasure daring iu continuance of twenty-four hours. Whenever the 
cjrbonis.-inon has reached the proper point for forming good coke the covering 
of c .al dros.s IS removed, and water ts thrown on the heap to extinguish the com- 
hustion. a circumstance deemed useful to the quality of the coke. In this operation 
in Staffordshire coal loses the half of its weight, or two tons of coal produce one of 


In order to prepare larger quantities of coke at once, long ndges arc often snl«ti- 
tuted for circular heaps, the length of which varies with circumstances and the con- 
snmptton of coke; they sometimes extend to the length of 200 feet. On erecting one 
of these ndges a string is stretched along the coking station, in the direction of which 
large pieces of eoal are placed slanting against each other, leaving a tri.angnlar space 
n vr.l ‘"f™’ *'* *’“*• “ channel (ignition passage) is formed through 

w I . e 8 rmg pas^s. In arranging the pieces it is necessary to pay attention to 
the natural stratification the coals, wliich shonld he at right angles to the lonriuidinal 
direction of the ndge. Parallel with the first series of coals is placed a second, and 
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then a third, aod so on ; bnt the pieces consUntly diroiDish in size until the station 
iiu'A^ures 6 feet on both sides. Upon thl^substrncture the heap is then made, 
without particular care in the a rran cements, the largest pieces below and the smallest 
aSore. until it has n iclu d a height of about 3 feet. To facilitate the ignition, stakes 
arc raujTiud m at djs'.ancts of '2 f.et from each other, projecting above throughout 
the whole 1< nL’tli the r.dge, which, when subsequently removed, leave vacant 
< for th • introduction of burning coal. The ridge, being thus kindled at more 
th.Ki I mp spots, soon breaks out into active combustion. As soon as the burner 

• the thi‘k smoke aud dame cease at anyone part, and a coating of ash 

ni iksn.: iis appe arance, he endeavours immediately to stop the pn*grcss of the fire by 
covt fhig it with powdered coal dust, repeating the operation until the whole ridge is 
covervd. when it is left two or three days to cool ; the covering on the side exposed 
to the wind should bo thicker and increased in stormy weather. When the fire is 
T'-arly extinguished, which occurs in two or three days, the coke is drawn. This 
fi 'dc of c'.knii: is s.inr ’e. hut not very cconomicaL The fire proceeding from the 

;■ r ]Mt t f' ih I id ‘ i:i a d 'w nwar I direction, towards the lower and interior parts, 

. ii (I d ,11 il: • t.pr** r ‘'Mata into coke before that in the interior has acquired 

1 ' ’( ir\ f(‘r charring, and is still in want of a supply of air, \^ich 

. c . be- 1 ..: I *.’ 1 ' <l friun without, and must not Ik* excluded by a covering. During 

1 ! > ’,:ii t)'i 1-1 that the inner parts of the heap are King converted into coke, the 
f ; ■ pn' t .ire being useksslv, tliongh un.a\oidably, consumed. For further details 
e •’.-•<‘1 ning coking see the articles Uoai. and (*oki:. 

•The “ bl-.win-i in " of a co.il blast furnace is an operation which requires much 
ci’> and experience. A fire of wood is first lighted on the hearth ; upon this i.s 

j t -xl a <i'nnt'fy of coke, and when the whole is well ignited, the furnace is 

Ii: . I to tbo thr eat with n-guKir charges 4‘f calcined ore. lime.stonc. and coke, and 

tb l wliicli vbt'uld at first be moderate, is turned on. At the works around 

M.'rf’'_\r tie «“h.irgv‘s generally consist of .') cwts. of calcined argil- 

la> I I- ore a’. I I; cwt. limestone. t-> \ cwt>. of rioli coke; this burden is kept 
on tbr .iboiit 10 , ’5-^, it ■vtlun increased to G owls of calouicd ore and 2. } cwts. of 
I m. s'.itie 'Idle oimhrs uvurdly make their appearance in about 12 hours 

afM r bl .wing, the iiul.d follows i« about lo hours after, colleeling in tlie hearth to tlie 
iimonnt of .3 or nj tons in flo hours after blowing. If all goes on wcdl about 22 tons 
of metal will be produced in the first week, urns in the second, 35 in the third, and 
mail) in the fourth; after It) or 12 weeks the produce will average 110 tons. 
r>v forcing the furnace in its infancy a much greater produce of iron may be obtained, 
though to the injury of its subsequent working. Mr. Truran rebates the following 
cose in point. A furn.ice was blown in at the Abersychan works with such volames 
of Mist and rich burden of materials that a cast of several tons was obtained within 
14 hours after applying blast. The first week’s blowing produced 200 tons, at which 
rate it continued for two or three weeks, when it rapidly diminished, falling so low as 
lu t MIC for one week’s make. From this depk^ble state it was made to produce 26 
tons and, after considerable delay, iOO tons ; but with a large increase in the yield of 
mafiTials over that at the other furnaces. When a furnace is first Mown in it should 
Ih? made to produce grey iron ; but the tendency of forcing is to produce a white iron 
witli a dark scourinir cinder. 

'I'he quantity of air thrown into a blast furnace in full work is enormous, exceeding 
in weight the total'- of all the soiled materials used in smelting. A furnace working 
nu foundry iron of a capacity of 27-5 yards receives .5390 cubic feet of air per 
minute, which amounts weekly to 1695 tons; when working on white iron a larger 
vnliiinc of blast is employed, averaging 7-370 cubic feet per minute, or 2318 tons per 
week. 

'Fhe disorders to which blast fumace.s are liable have a tendency to produce white 
cast iron. The colour of the slag or scorim is the surest test of these derangements, 
as it indicates the quality of the products. If the furnace is yielding an iron proper 
fur casting into moulds, the sls^ has ^ unif<»rm vitrification and is slightly translucul, 
When the dose of ore is increased the slag becomes opaque, dull, and of a green Kh 
yellow tint, with blue enamelled zones. Lastly* when the furnace is producing white 
metal, the slags are more or less black and j^ossy. The scorim from a coke areniiK-h 
more loaded with lime than those from a charcoal blast furnace. This excels of lime 
appears adapted to absorb and carry off the sulpjjur which would f>therwi'^e injure the 
quality of the iron. From numerous analyses we have made of bla^t fumaco cinders 
wo ‘select the following as illustrating their general composition under dilTorent condi- 
tions of the furnace. ^ 
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I. Mt'AH iij r>nr rf jr iron cm«lrr* from Sk tumari* At }4'»'ith \\ »« « I! '* i 

four of jfr-jr ir’oi «iiui»“r4 fr'-m »o iron work in Ilf M« .,i 

an.ilyos ni vr-y iron fi ,1.1 l.Iatt MuMlf'r* froin l‘onetp.«*l. Soiich W»ki. |V M 4n • 

.vf j'.'on cin.ti'r from i furnKi' at Kl»»»w \ al**. >|onmniilb»hfr». imrlting . ■ 

V. M- in of tour analyiPi of hlait furnai'*' rli»a» r4 from S*r«ier». VI. Mr.in i»r foor jn.tf »r* r 

iron rin>fr*r from a furnaA at t’win CHrn Iron ’Aotk*. MoriinouthihJrr'. » II- Mwn ’ 
f .nr analyse* of while Iron cinder from the same work*, the furnwe “ arounnie.** 


The following table exhibits thc‘'yieHa” of matiri.iK j - r t .n < -i t},. r i •’ 
in rarious works. During the month endinir .Inly ‘J'.th. I ^ f!i. i. 'w i . . - 

in four furnaces nt Kbbw Vale 13.^4 tons 14 cttt. of rnk*‘ ; l.‘'J t< i,*. t i'- , , -'I - * 
ton.s 19 cwt. of calcined mine ; ISIS tons hi rnt. of red « r- . I UT t i, r»‘ f 
calcined cinders; and 1226 tons 7 cwt. of burnt lnnc. 'J‘he '|nan; f\ of j.i» tr* n 
made was 2303 tons 7 cwt, : — 
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The cinders” mentioned in the foregoing t.able an- not tho-.-,- front tie hla-'t 
furnace, but are derived from the cast iron during the pioc '> n •* i > iit'.nc." 

puddling,’’ &c., by which the cast inm is converted into wron:.’lr im-h 'I lose 
cinders are very rich in iron, which exists in them principally m tie* torm of ‘•li rate 
of the protoxide. They often occur licautifully crystallised, parfii nlarl;. atur th‘ y 
have been calcined, an operation which is always performed on them in w»I! con- 
ducted works, and which has for its object the removal of the i-uljihur and tho pir- 
oxidation of a portion of the iron. These cinders, though very rich in iron, are 
always contaminated to a considerable extent with both sulphur and phosphorus, as 
might be expected, seeing that they arc the results of opiTations which have f r tho.r 
objects the removal of the foreign matters contained in the pig iron. The tendency 
of the former is to make the metal what is called “ hot short,” so that it cannot l>e 
work*-d while hot under the hammer; the tendency of tin* latter cb-ment is to make 
th'' iron “ cold short.” so that it breaks when attempt is nude to b. nd it when cold. 
The separation of sulphur la \ery perfectly effected by the calcinatioy of the cinder, 
and it is intoresfing to trace the progress of Us gradual eliniinafion In some parts of 
the heap (which often contains several thousjind tons of cinder) large masses of 
prismatic crystals of pure sulphur may be found, but usual) v nearly the en'irc surface 
of the heap is covered with a thm layer of sulphate of iron, sometimes crystallised, 
but generally in various stages of decomposition ; lower down in tlie heap, where the 
heat is greater, the sulphate of iron disappears, and in its place red oxide «rf iron, 
■without a trace of sulphur, is fnind. In calcining a heap of cinders care is re«juircd 
not to allow the heat to rise too high, or immense masses will Ix come mtdtQd together, 
involving the necessity of blasting, which entails much expense. After the heap has 
been btiming for some months, streams of water are directed over the surface, by 
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^hich much soluble sulphate of iron is removed, rnfortunatelv, the process of 
calcination docs nut rciiKA c any of the pho^horic acid, v> hich necessitates a judicious 
employment of these cin<lers in the blast furnace. We have repeatedly submitted 
“ fori:e cinders*’ to anal\sjs, and give in the following table the average results of our 
cxj>t.rimeuts. 

An<ih/sct oj' Forge Cinders, (Db. Noad.) 



I. 

II. 

III. 

IV. 

V. 

VI. 

Sill, a . 

C-tVX) 

CCT 

32 oro 

Ti 3e0 

1 2 300 

I2*ft00 

IVoioxido of iron 

63 7V) 

72-1,0 

S\ 

M T.'O 

67-300 

10-500 

PiT.ixidp of iron 

1 1 

6 30 

S'l i-fi 

I'l 1 I'd 

‘.'H’O 

70-00) 

S ilphurel of Iron 


■1 '.'1 

1 


,V0<H) 

•f.20 

OxkIo of manganptc . 

1 i.sO 

1 77 

Hut d« trrinincti 


not detrnuinc't; 

1 I-IO 

Aliiniina 

2 I't 1 

2 22 

1* MHI 

1 300 

.■S'OOd 

•42“ 

I lint* ... 

I Jli 

1 * 

tr t( < » 

■4iQ 

traces 

traces 

M .eno«ia 

I| . s 

in. • -i 

trai « s 

trart-s 

traces 

traces 

I’iio.jihorK' and 

T .•«.** 

•> <*. 

•2Vi 

4 140 

6 320 

4 -.500 




1(11*105 

99 216 

1( 0 03<l 



f. 1 p < in Tr from r* fitu'fl nutal. II. Tap cnuler from pudillinR liirnscp. III. Cinder trom 
r»-ti inrn.i'T'. IV. Mixed clruler Iroin Jhe hc-ip .ifier a few dAVs' biirninir. V. Cinder 

< lit ni the piiddlinl b.if dliriOK the procffs of ibingmig. Vi. .specimen fromalirg.* 
In .ip of thoroughly calcined cinder. 


Hot Hast — One of the greatest improvements ever made by simple means in any 
manufacture, is the employment of hot air instead of the ordinary cold air of the at- 
nio.sphi re, in supplying the blast of furnaces for smelting and founding iron. The 
discovert! of the superior power of a hot over a coM blast in fusing refractory lumps 
of east iron, was aceidentally olwerved by Mr. James Heanmont Neilson. engineer to 
the (iIa''gow <».is W('rlv«, al'out t!ie }ear 1S27, at a Miiitli’s forge in that cit\, and it 
wa.v made tlie siibjeef of a jiatent in tlie nifinth of September in the following \ear. 
No panieular el)u^tr'lcti<•u of apparatus was described by the inventor by which the 
a r was to be heated, and conveyed to the furnace ; but it was merely stated that the 
air may be heated in a chamber or closed vessel, having a fire under it, or in a vessel 
connected in any convenient manner with the forge or furnace. From this vessel the 
air is to be forcctl by means of a bellows into the furnace. The quantity of surface 
which a heating furnace is required to have for a forge, is about 1,260 cubic inches ; 
for a cupola furnace, about lo.ooo cubic inches. The vessel may be enclosed in 
brickwork, or fixed in any other manner that may be found desirable, the ’application 
of heated air in any way to furnaces or forges, for the purposes of working iron, being 
the subject claimed as constituting the inveotion. 

Wherever a forced stream of air is employed for combustion, the resulting tempe- 
rature must evidently be impaired by the coldness of the air injected upon the fuel. 
The heat developed in combustion is distributed into three portions; one is commu- 
nicated to the remaining fuel ; another is communicated to the azote of the atmosphere 
and to the volatile products of combustion ; and a third to the iron and fluxes, or other 
suiTounding matter, to be afterwards dissipated by wider diffusion. This inevitable 
distribution takes place in such a way, that tliere is a nearly equal temperature 
over the whole extent of a fire-place, in which an equal degree of combustion 
exists. 

We thus perceive that if the air and the coal be very coM, the portions of heat ab- 
sorbed by them might be very considerable, and sufficient to prevent the resulting tem- 
perature from rising to a proper pitch ; hut if they were very hot they would absorb 
less caloric, and would leave more to elevate the common temperature. Let us sup- 
pose two furnaces charged with burning fuel, into one of which cold air is blown, and 
into the other bot air, in the same quantity. In the same time, nearly equal quantities 
of fuel will be consumed with a nearly equal production of heat ; but notwithstanding 
this, there will not be the same degree of heat in the two furnaces, for the one 
which recei^s the hot air will bo hotter by all the excess of heat in its air abo\o 
that of the other, since the former air adds to the heat while the latter abstniers from 
it. Nor are we to imagine that by injecting a little more cold air into (lie one fur- 
nace, we can raise its temperature to that of the other. With more air indeed we 
should burn more coals in the same time, and#ve should produce a greater ijiiantiiy 
of heat, but tliis heat being diffu.sed proportionally among more considerable masses 
of matter, would not produce a greater temperature^ we should have a larger space 
heated, but not a greater intensity of heat in the same space. 

Thu 5 ,«iccording to the physical principles of the production and distribution of 
heat, fires fed with hot air should, with the same fuel, rise to a higher pitch of tem- 
VoL. IL N N 
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peratare than fires fed with common cold air. This consequence is independent of 
the masses, being as tme for a small sto^e which hums only an ounce of charcoal 
in a minnte, as for a furnace which bums % hundred-weight ; hut the excess of 
temperature produced by hot air cannot be the same in small fires as in great, be- 
cause the waste of heat is usually less the more fuel is burned. 

This principle may be rendered still more evident by a numerical illustration. Let 
us take, for example, a blast furnace, into which 6U0 cubic feet of air are blown 
per minute ; suppose it to contain no ore but nterely coal or coke, and that it has 
been burning long enough to have arrived at the equilibrium of temperature, and 
let us see what excess of temperature it would have if blown with air of C\ 
(572*^ F.), instead of being blown with air at 0^ C. 

600 cubic feet of air, under the mean temperature and pressure, weigh a little 
more than 45 pounds avoirdupois; they contain 10‘4 pounds of oxygen, which 
would burn very nearly 4 pounds of carbon, and disengage 16,000 times as much 
heat as would raise by one degree per cent, the temperature of two pounds of water. 
These 16,000 portions of heat, produced every minute, will replace 16,000 other 
portions of heat, dissipated by the sides of the furnace, and employed in heating 
the gases which escape from its mouth. This must take place in order to estab- 
lish tCT assumed equilibrium of caloric. 


1002 
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will be ready to operate upon any bodieswithin its range, and to heat them one- 
ei'^hth more. Thus the bl:>st of 300° C. gives a temperature which is mne-eighths 
of the blast at zero C., or at even the ordinary atmospheric temperature ; and as 
wo may reckon at from 2,200^'' to 2,700° F. (from 1,200 to 1,500 C.), the tempe- 
rature of blast furnaces worked in the common way, we pjrceive that the hot-air 
blast produces an increase of temperature equal to from -lU to 3h0 r. 

Now 111 order to appreciate the immense effects which this excess of tempera- 
ture may produce in raetallurgic operations, we must consider that often only a 
few degrees more temperature are required to modify the state of a fusible b^. , 
or to determine the play of affinities dormant at lower degrees of heat. Mater is 
solid at 1° under 32° F. ; it is liquid at 1° above. Every lusible body has a deter- 
minate melting point, a very few degrees above which it is quite fluid, though it may 



be part^ below it. The same observation applies to ordinary chemical affinities. 
Charcoal, for example, which reduces the greater part of metallic oxides, begins to 
do so only at a determinate pitch of temperature, under which it is inoperative, but a 
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few degree* above, it is in general lireN and complete. It is tinn-r«^^r\ in thii 
article to enter into any more details, to show the inHiience of a T w <i, ^ of h^-ai 

more or less in a furnace upon chemical operations, or mereU phjMcal chanp*. 

of state. 

Fig*^ 1002, 1003, exhibit the apparatus of the hot as mounttd at th^ < o.r.cr 

Park works, belonging to William Jessop. in every r* 'ptuiu* deia 1. 1 he 'ir.!* ♦ 

ings from which the wcKMi'Cuts are faithfully copietl were kindly furnished t«-r \ .<* 
work by Mr. Joseph Clvn, K.R S., the dtstiuguisheil ci gnuer (»f the Hutttrly Ir n 
Works. 

The smelting furnaces have now generally three tu>«rts. and time S4‘t« of a,r 
beating furnaces. The figures show two set* built together ; the tli r«l v. t .f.pd. . 
tacbed on account of pecnliar local circnmstanccs. The air enters the l.or./ - n al 
pipe A, in the ground plan,^*;. 1002, on one side of the arched or tj plum pi{*< s. s!i..wri 
in upright section in fig. 1003, and passes through these pipes to the honiofit.d \ ij** . n, 
on the other side ; whence it proceeds to the blast fnmace. These syphon pip* s .ire 
fiattened laterally, their section l>eing a parallelogram, to give more beating surf.u'*‘. 
and also more depth of pipe (in the vertical plane), so as to make it Wronger, and !• 
liable-*** bend by its own weiglf!^ when softened by the red heat. This system »•?* 
arched pipe apparatus is set in a kind of oven, from which the ftuc is taken out at ihe 
top of it*, but u thence again descends, before it reaches the rhtmney, ent* rm:: it 
nearly at tbe level of the fire grate, fas with coal gas retorts). tin** contr van.-. . 
the pipes are kept in a ba.h of ignited air, and not expose<l to the corroding mtlm nr i. 
of a current of fiame. The places and directions of these oven tlues arc plainly niarki*l 
in the drawing. 



Fig. 1004 is a plan of the blast furnace, drawn to a smaller scale than thai of the 
preceding figures. 

Tbe three sets of hot-blast apparatits all communicate with one line of conducting 
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pipes, A, which leads t'> the furnace. Thus in case of repairs Knng required in 
one set, the otlur two ni ty W kept in full roiivjty, capable of supplyinc abundance of 
h<»t air to the thouah of a somewhat lower teniiH.*rature. See Smelting for 
constructions of dilferrnt Mast furnaces ; also Pcddling 

During a \isit x^liuh I)r Vre made to Mr. Jessop, at Batterly, he found this emi- 
nent and ViTy itigeiiioiiH iron-master had made several improvements upon bis hot- 
hhisl arrangement^, whereby he preTonted the alteration of form to which the arched 
pipes wi-re subject at a high tempc'rature, as also tliat he was about to employ five 
tuveres instead of three. For a drawing and explanation of his furnace-feeding 
apparatus, see Smelting. 

The experiments through which Mr. Nielson's important discovers w*a.s introduced 
into the iron manufacture, were made at the Chde Iron M'orks. where the fuel ge- 
nerally made use of was coke, derived from splint coal; during its conversion into 
coke, this coal sustained a lo^s of 5.'> per cent. During the first six months of the 
year T\hen all the cast ir«*n m the Clyde Iron Works was made by means of 

the cold blast, n sm^lo ton of cast iron required for fuel to reduce it 8 tons cwt. of 
coal, convt rt> d int<t coke. During the first ^x months of the following year, while 
the air wa.s heated to near .'^ 00 ° F., 1 ton of ca^ iron required 5 tons J^ewt of 
Cd.il converted into coke. The saving amounts to 2 tons 18 cwt. per ton of iron, 
from which must be deducted the coal used in heating the air, which was nearly 8 cwt. 
Tins great success induced the Scotch iron-masters to try a higher temperature, and 
« to substitute raw coal for coke ; and during the first six months of the year 1 S33, the blast 
bein^ heated to 60ti^, 1 ton of cast iron was made with 2 tons cwL of coal. Add 
to this 8 cwt. of coal for heating, and we have 2 tons 13| cwt of coal to make one ton 
of iron. An extraordinary impetus was given by this discovery to the iron manu- 
facture in Scotland, where, from the peculiar nature of the coal, and from the cir- 
cumstance that, with a In-atod blast. Mushet■^ blackband ironstone could be exclusively 
u«c(l, its iinptirtance w.ic tm.n- highly felt than in Kngland and Wales. According to 
Mr. rinch’" vt.atenicnt (Scrivenors “ History of the Iron Trade "). there wore in 1830 
only iMght M oiks in <'}u ration in Scotland, whicli made in that year37,')On tons of 
pig iron ; in IS3S there were eleven works, consisting of 41 furnaces, which made 
147, .'>00 tons, being an increase in eight years of lUVKiO tons }>er annum ; in 1839 
there were 50 furnaces in blast, making 19.5,000 tons; in 1851, 7.50.000 tons of 
pig iron wore made; and in 1856, with 127 fumac» s in Mast, the make rose to 
880,500 tons. The infliunco of hot blast has likewise been felt in the anthracite 
district of South Wales, where that coal is now successfully used, and where several 
new furnaces have in consequence been erected. In short, DOtwiibstAndiog the oppo- 
sition with which the introduction of hot blast was met by engineers, as being de- 
structive of the quality of the iron, so great have been the advantages derived from 
it, that at the present time more than nineteen-twentieths of the entire produce of the 
kingdom is in furnaces blown with heated air. 

Mr. Truran, in his recent work on the iron manufacture of Great Britain, gives it 
as his opinion that the effects of hot blast have been greatly exaggerated, and that it 
is to improvements in the preparation of fuel and ore iu the furnaces, in blowing en- 
gines, and in the smelting process, far more than to the heating of the blast, that we 
must refer the great reduction in the yields of coal in recent times ; he thinks that 
the comparatively large produce which has been obtained from the Scotch furnaces, is 
to be reft-rred to the general use of carbonaceous ore, which melts at a low temjiora- 
ture ; and which, from its comparative freedom from earthy matters, requires but a 
minimum dose of limestone for fluxing. Against this opinion of an English writer on 
iron smelting we may place that recorded by an American metallurgist, Mr. Overman, 
who has written a large and in many respects a valuable treatise on the manufacture 
of iron, as conducted in America. “The economical advantages arising from the 
application of hot blast, casting aside those ca'^es m which cold blast will not work at 
all, are immense. The amount of fuel saved in anthracite and coke fiimaces varies 
from 30 to 60 per cent In addition to this, hot blast enables us to obtain nearly 
twice the quantity of iron within a pven time that we should realise by cold blast. 
These advantages are far more striking with respect to anthracite coal than in relation 
to coke or to bituminous coal. By using hard charcoal, we can save 20 per cent, of 
fuel, and augment the product .50 per cent. From soft charcoal we shall derive but 
little benefit, at least where it is nccessary^to take the quality of the iron into con- 
sideration.” 

Tlio following tables, embodying the general results of an extended series ofexperi- 
nicnts on the relative strength and other mcchanic^T properties of oast iron, obtained by 
tin IioWand cold blasts, are extracted from a report presented to the British Association 
(1837) by Messrs. Eaton, Hodgkinson, and William Fairhairn. 

Of the three columns of numbers, the first represents the strength or other quality 
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in thcfoH blast iron, the second that in the hot, the third is the ratio of th- «•’ i a! ; 
the figures included in parentheses indicatil the number of experimeiiis frvim nbuh 
the results hare been deduced. 
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These results contain nearly the a hole of the information afforded by the investi- 
gation. From the numbers in the tables, it -will be seen that in lJuffery iron No. 1 
cold blast somewhat surpasses hot blast in all the following particulars. — 1, 
direct tensile strength; 2, compressive strength; 3, transverse strength; 4, power 
to resist impact ; 5, modulus of elasticity or stiffness ; fi, specific gravity; while the 
only numerical advantage possessed by the hot blast metal is that it bends a little 
more than the cold before it breaks. In No. 2 the ailvantagcs of the rival kinds are 
more nearly balanced, still rather in favour of the cold blast. No. 3 hot bla.st ( arron 
iron resists both tension and compression better than cold blast of the same denomi- 
nation ; and No. 3 hot blast from the Devon works in Scotland is remarkably strong, 
while No. 3 cold blast iscomparatively weak, notwithstanding its high specific gravity. 

< )n the whole it would appear from the experiments, that while the irons of No. 1 hav e 
been somewhat deteriorated in quality by the hot blast, those of No. 3 have been 
benefited by its mollifying powers ; while those of No. 2 have been bat very slightly af- 
fected ; and from the evidence brought forward, it is rendered highly probable that 
the introduction of a heated blast, whilst it htvs, perhaps, to a certain extent, injured 
the softer irons, has improved those of a bardm- na'nre ; and considering the small 
deterioration that the irons of the quality No. 2 have sustained, and tl” apparent 
benefit of those of No. 3, together with the saving effected by the heated blast, there 
seems good reason for the process becoming so general as it has done. 

The following general summary of results, as derived from the experiments of 
Messrs. Hodgkinson and Fairbaim on the transverse strength of hot and cold blast 
iron exhibits at one view the ultimatum of the whole investigation. 
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f'arron iron, No. 2 - 

1000 : 900-9 

1000 : 100’)-1 

Devon iron, No. 3 - - - - • 

lOnO : 1410 9 

: 278V6 

Buffrey iron. No. 1. - 

lOoO : 9‘10-7 

1000 : 962-1 

These irons arc from Mr. Fairbairn’s experi- 



ments : — • 



Coed Talon iron. No. 2 - - - - 

1000 : 1007 

1000 : 12'!4 

Cm’d Talon dittn. N<k n - - . - 

1000 : 927 

1000 : 923 

F.lsicar ard Milton, - - - - 

1000 : 818 

1000 : 875 

('arron ditto. No. 3 - 

1000 : 1181 

1000 : 1201 


^1000 : 927 

1000 ; 823 




Mean 

1000 : 1024-8 

1000 : 1226-3 


« Dr. Thompson’s chemical examination of several samples of hot and cold blast iron 
is appended to this report. According to the experiments of this distinguished 
chemist, iron smelted by hot blast contains a greater proportion of iron, and a smaller 
proportion of silicon, carbon, and aluminum, than when smelted by cold air. The 
mean specific gravity of 8 specimens of Scoteh c<»ld blast iron No. I was 6*70^4 ; tbc 
mean of 5 specimens i»f liot Mast from the Carron and ('lyde inm works was 7 0C23, 
so that the density of cold Mast iron is less than that of hot. Tlie mean of 6 anaU ses 
of cold bla-st iron No 1 pa\e .atoms of iron, 1 atom of carbon, silicon, and alumi- 
num; the proportion of these three constituents being very nearly 4 atoms of caibon, 
1 atom of silicon, and I atom of aluminum, consequently Scotch cold bla«t iron consists 
of 20 atoms of iron (with a little mangjinese). 4 atoms of carbon. 1 atom of silicon, 
and 1 atom of aluminum. The mean of a analsses of hot blast iron No. I, gave 6^ 
atoms of iron and manganese to 1 atom of carbon, silicon and aluminum, from which 
it would appear that cast iron smelted with a heat blast is purer than when the blast 
is cold. This hov^over, is not the case, ns the numerous analyses of both varieties 
that have been made during the last few years concur in proving. Hot blast grey 
iron smelted with mineral coal contains a much higher percentage of silicon than the 
same variety of cast iron smelted from the same ores by cold blast; in other respects, 
provided the process of reduction is complete, i. e, when little or no iron passes off with 
the slag, there is very little chemical difference between the two varieties, as will be 
seen in the fcilowing table, which contains the results of a series of analyses of hot 
and cold blast iron, which we have lately had occasion to make, under circumstances 
peculiarly favourable for instituting the comparison, the furnaces working with the 
same ores, and making the same class of iron, viz. good No. 3 grey pig. 


Analyses of Cast Iron No. 3 , smeUed by Hot Blast. (Dn. Noao ) 
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0 3-20 1 0 374 

- 93 *15 

2 ‘ <)0 

3 

0*067 

0*379 


J^alyses of Cast Iron So. 3, meUed by Cold Blctat (Dr. Noad.) 




I. 

U. 

m. 

IV. 

V. 

VI. 

VII. 

VIII 

Moan 

Silicon - 


l-O.'iO 

1*400 

1-029 

0-9t0 

1-372 

1 4^ 

1 10*, 

1-4(H) 

i--:os 

Graphite 

- 

3-.370 

3 IS4 

3 270 

sSio 

3-333 

3-274 

3 24-2 

3 r.'7 

3-251 

Sulphur - 

- 

0*021 

n 037 

0 04.5 

traces 

0«29 

0 057 

0m,24 

0 0-24 

0-0-.-8 

Phosphorus 

- 

0-210 

0-314 

0-387 

0-361 

0*372 

0 37i 

0-.>42 

U 354 

0-339 


ftictallic Iron per cent, - 

- 

- 


- - 

- &.V0 



The true reason of the frequent inferiority of hot blast iron has been correctly given 
by Mr. Blackwell Furnaces blown with heated air exert greater reductive* power 
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than those in which ft cold blast is nsed. This has led. since the introdttctioo of hot 
blast, to the extensive use m iron smelting of refractory ores not foniu rl'k a 

large pari of which have been ores of a class calculaUil to pr»Kiuce in!Vr.t»r and 

it is to the use of ores of this nature, far nuire than fnnn anj detenoratj»»n m «{oaht), 
arising from a heated Mast, that this inferiority of hot blast irtm it to be tscriUii 

Utilisation oj" the tcaste gases girt n *]lf' from the f'arnare head . — The agent in the 
blast furnace by which the oxide of iron is reduced, is c.irtM>nic oxide, the prett nee «*f 
which therefore in great excess is indispensable to the operation of the furnace. 'Die 
flames rising from the tunnel head, which make a hl:i>t furnace at night such an im- 
posing object, are occa.sioned principally by the combustion <.f thw ga«. on coming into 
contact with the oxygen of the fttmonphere ; the attention of pr.icMral m*-n wis first 
called to the enormous wastg of heat which this useless flame 
Bunsen and Playfair, and the application of the gas to a useful purpose m i\ M ranked 
next to that of the heated blast, as the most important of the recent impruvem«-t.t« in 
the iron manufacture. The gases evolved from Iron furnaces where coal h as 
the fuel, contain the following constituents, vi*. aifro^, amMoaiu, carbonic ocn/, car- 
bonic oxide., light carbuTetted hydrogen, oUjiantgtu, carburtUed hydrom of unknown com- 
position,^ hydrogen, sulphuretted A; drngen, and aqueous vaf>our. The nature of the 
combustible gas stands in a relation so intimate to the changes suffc'cd by the 
materials put into the furnace, that its different composition in the vanoiH reg.nn-. iT 
the furnace indicates the changes suffered hy the matenuU intriHluerd n« <[ m • -el 
in their way to the entrance of the blast. Now as the examinati ui of this column f f 
air in its various heights in the furnace must be the key to the questions up .ii wh rU 
the theory and practice of the manufacture of iron depend, it was of th** first impiTt- 
ance to subject it to a rigid examination ; this accordingly ha.s M-en done hy the »»*« >.• 
named eminent chemists, and subsequently by Khelmen. We shall return to a cons «!♦ i - 
ation of the results they obtained presently, confining our attention at present to tin* 
composition of the gases at the moutli of the furnace, and to the methods which h.ue 
been adopted to utilise them. 

Ill order to arrive at a knowledge of the composition of these gases, M. Buns.-n 
first studied minutely the phenomena which would disuc were the furnace filled with 
fuel only : by a careful distillation of a known weight of coal, and analysing of the 
products, he obtained results embodied in the subjoined tabic : — 


Carbon - 68’02.> 

Tar 

Water -•--••---7 569 

Light carbaretted hydrogen - - - . • 7*021 

Carbonic oxide 1*135 

Carbonic acid •••-•..] 073 
Condensed hydrocarbon and olefiant gas - - 0753 

Sulphuretted hydrogen 0'.*)49 

Hydrogen 0*499 

Ammonia - 0*211 

Nitrogen 


100*000 


Now, in the furnace, the oxygen introduced by the blast is consumed in the im- 
mediate vicinity of the tuyere, being there converted into carbonic oxide, and the coal 
loses all its gaseous products of distillation much above the point at which its com- 
bustion commences, near in fact, the top of the furnace; the fuel with which the 
bla^^t comes into contact is therefore coke, and upon calculating the amount of car- 
bonic oxide produced by the combustion of 68*92.5 per cent, of carbon, and the 
nitrogen of the air expended in the combustion, we get as the composition by volume 
of the gases escaping from a furnace filled with Gasforth coal the following ; 


Nitrogen . - - - 

Carbonic oxi<le - - . 

Light carburetted hydrogen - 
Carbonic acid - - - 

Condensed hydrocarbon 
Sulphuretted hydrogen - 
Hydrogen - - - 

Ammonia - - 

- - - - r.‘>423' 

- 33*163 

- 2527 

- 0139 

- 0151 

- 0*091 

- 1*431 

- 0*070 


100 000 
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With this preliminary information, Bunfi^n proceeded to calculate the mollification 
of the iraseous mixture occasioned by the introduction into the furnace of iron ore 
and limestone. The materials used for the production of 140 lbs. of pig-iron were: — 
420 Ihs. calcined iron ore; 300 lbs. coal ; 170 lbs. limestone. From 100 parts of 
the coal, 67‘228 parts of coke were obtained; but from this must be deducted 2*68 
ashes, and 118 carl>on entering into combination with the iron ; which leaves as the 
quantity of carbon actually burnt into carbonic oxide before the tuyere 63 3GS ; part 
of this carbonic oxide undergoes oxidation into carbonic acid at the expense of the 
ox\gen in the oxide of iron which it reduces; a further quantity of carbonic acid is 
deri\ed from the limestone ; so that the gases returned to the numih of the furnace by 
the combustion of the 67‘228 parts of coke, the reduction of the corresponding 
quantity of ore, upd the decomposition of limestone, consist of — 

Nitrogen - . 282*860 

Carbonic acid 59*482 

(’arl>onic oxide ------- 121*906 




4C4248 


Add to this the products of the distillation of the coal, and wo get the following as 
the per-centage compositions by weight and measure of the gases issuing from the 
*TOouth of the furnace. 


Nitrogen ... 
Carbonic acid 
('arhonic oxide - 
Light carliuretted lijdrogcn 
H\'lrngon . • - 

< \uulriisc<l ii\ dn»c.arhon 
Suljilm retted hydrogen 
Ammonia - - « 


wrisht. 

By volume. 

- 59*559 - 

- 60*907 

- 12-76.5 - 

• 8*370 

- 26<M>6 - 

- 26 846 

1 -397 - 

- 2 nno 

0 078 • 

1-126 

0*108 - 

0 112 

0*0.')3 - 

. 0-04.*) 

• 0 0.>4 - 

0 O.’iS 

1 00(^00 

1(111 ooo 


The calculations of the quantity of heat capable of being realised in the furnace by 
the combustion of the furnace gases are founded on the data on the heat of combustion 
given in the posthumous papers of Dulong, according to which-— 

1 kilogramme or 15,444 grains of 

Carbon burning toCO, heats 1 5,444 grains of water to 1499^0 

“ CO* 7371° 

Carbonic oxide 2302° 

Hydrogen - 34706° 

Light carburetted hydrogen • - - - » 13469° 

Olefiant gas 12322° 

Sulphuretted hydrogen - • - - , 447 6 “ 

Ammonia 6060° 


tising these numbers it is found that by the combustion of 100 of the furnace gases 
there arc generated from the 


.59'5n9 

12-76.) 

26-006 

1-397 

0-078 

0-108 

0053 

0-034 


Tiitrogcn - • • 

carbonic acid 
carbonic oxide - 

carburetted hydrogen - 
hydrogen • . . 

olefiant gas 

sulphuretted hydrogen 
ammonia > . . 

0000 

0000 

- 65067 

- 18826 

- 2704 

- 1331 

238 

208 


88374 = 


units of heat generated, the unit being understood to mean the amount of heat neces- 
sary to raise 1 kilogramme=2-204 lbs. = 15444 grains of -water fromO° centigrade, to 
1 ° cent. The amount of heat realized in the furtlhce is limited to that produced by 
the expanditure of the oxygen, corresponding to 59-559nUrogen in the production of 
carbonic oxide ; tliis amounts to 20001 units: hence follo-us the remarkable conclusion, 
that in tin- furnace which was the subject of experiment, not less than8T54 percent. 
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of the fi 2 el is lo«t in the form of combnst^lc matter stiil fit for u^, and thit on>r 
18*46 per cent of the whole fuel is reaosed lo carrying out the proct»S 4 .'s m the 
furnace. 

The temperature which should be produce*! by the flame of the furnace ga**^ when 
burnt with air, is found by dividing the units of heat, m. 74 arising from the 
combustion of I kilogramme of the gaSi'S by the number resulting when the quantify 
of the products of combustion is tnultiplu'd by their sp*’citic heal (1*9^8 n ) 

we thus get the number 308'i°F. ; but this is Ulow the truth. inaMiiuch as th« re is an 
accession of combustible gases at the mouth (»f the furnace, arming from the decoti>tx»- 
sition of the liquid products of the distillatton of the coal in its pas^airc o\( r the nd 
hot fheh Making proper correction for this, and using numbers d* T.M.d from a< tuul 
experiments, Messrs, ^nsen and Playfair calculated the tt*m{H.r.iturt' of tht- 
when generated under faTOurable conditions at 3214® F., and even thi- n.-i) b in- 
creased to 3632® F., a temperature far above that of cast iron, by the using a ! ij-^t 
sufficiently heated. In utilising those waste gases, care most be taken not to n n.' le 
them from the furnace till they nally arc irasfc, that is, until they hate done ti.. .r 
work in the furnace; it is obvious that no combustible matter could be removed from 
the lowiir regions of the furnace *riihoiit seriously deranging the operatioos esw'nttal 
to the reduction and smelting of the ore. In order to nniovo the gases cffectuallv, 
and without injury to the working of the furnace, and in siirli a state as wiH j^m.it 
their combustion to be effected with most advantage, the heiglit of tlie furnin must 
be raised, the full width of the mouth being retained, and the gases niiist he wnli.lrawn.. 
sufficiently far below the mouth for them to he obtained dry. and aUu her.» ath the 
point where they begin to enter into combustion from contact with the atn.ovpher>c 
air. 




1007 



Various inodes of collecting the gases have been tried ; the bc^t seems to be that 
adopted at Ebbw Vale, Sirhowy, and C’wm Celyn. A funnel-shaped casting, equal in 
Its largest diameter to the throat of the^uniacc. projects into the interior a depth of 
4 or 5 feet ; the orifice at the bottom, from 3 to 5 feet in diameter, is closed by a conical 
casting, the apex upwards, from wjiich a chain proceeds to a lever having a counter* 
poise at the other end. (See^^. lOiiO.) The materials are filled into the funnel-shaped 
receptacle, and are charged into the fumacc with a uniform distnbution, by Kwering 
the cone by means of suitable machinery, which again returns it to its place when 
emptied. The circular space around tlic fitnne!, inside the famacey forms a chamber 
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fortb€ reception of the gases, from ^hich th^ are conveyed hy brick tanneh or iron 
piping to the place of combustion. The whore arrangement will be clearly understood 



by an inspection of the accompanying plans, loor), lOOG, 1007, lOOS. 1000. kindly 
furnished to the writer by the proprietor of the Cwm Cehn and Blaina Iron Works, 

Fiff. 1007 shows the plan of cxtraciiiijr the gases which is adopted at the Brymbo 
Iron Works, near Wrexliani, the same being the patent of C. E. Darby. 

It consists of a large pipe or tube inserted into the middle of the top part of the 
furnace, which descends a short distance down into the materials, and is carried oyer 
the top of the side of the furnace ^ the form of a syphon, a continuation of which 
pipe is taken Jo the boilers, or hot air stoves, where the gas is burned in the usual 
way. The principal advantage claimed by this method, is that it puts no check on 
the free escape of the gases, by which tlie driving of the furnace is imped*, d. and the 
quality of the iron deteriorated The patentee estimates the saving of fiu-l wuh two 
furnaces making 240 tons of iron per week, ^ applying the gas to the blast engine 
boilers and hot air stoves, at 1200/. a year, 'ftius : — Consumption of fuel at engine 
and stoves equal to 7 cwts. of good coal per ton of iron, made at 3^ per cwt , is 2*. Ojrf., 
say 2s, per ton on 12,480 tons, or 1248/. 

'Fhe c^us^'s of derangement in the working of blast furnaces when the gases are 
drawn off to be utilised elsewhere, hav© b.‘en diligently studied by Mr. George Parry, 
of Ebbw Vale ; and he has kindly furnished us with the following resume of his ob 
nervations, for insertion in tins article. 




IRON 




Tlie manDCT in which the waste gases were formerly collecini, was hs s^iiktnc an 
iron tube, 7 feet deep, into the thr.iat oi the furnace, the diameter of the lute being 



about 3 feet less than that of the throat, thns learing an annular space of 18 inches 
between the walls of the furnace and the aides of the tube. From this space the 
gases were allowed to pass off by the pressure wilbin the furnace, throng a pipe 
which penetrated the ring and walls. When the tube was kept full of minerals, about 
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I or i only of the pas escaptn! into the oj^n air, the rest passing into the annular 
chamlM'r ; and >»h» n this stat^* of thingi* «as continued, those troublesome adhesions 
ofiiKisM'sof seinifustMl niatcruls above and around the boshes, tech mcalh termed 
“ scutToMs.'* <K'eurred, vmli the usual accompaniments of black cinder and inferior 
iron. It IS e\ ideiii tliat when the tube was kept full of minerals, the contents acted as 
a liM^'.e stopjK-r to the current of hot gases forced up by pressure from beneath, and 
diverted them towards the annular space where there was no such resistance, thus 
lea% ing i!ie minerals in the central parts of the furnace insufficiently supplied with the 
upward current, and consequently with heat ; the minerals, on the other hand, sur- 
rounding this cold central cone, were supplied with more than their usual quantity of 
heat, as was evidenced by the burning of tnjeres, and by tlie destruction of the 
brickwork in their neighhourlnnul. In this ‘^tate t>f things, the ores in the external 
portions of the furnace would l«*coine reduced and converted into grey nictal; while 
th<ise in the central portion w«»nld. according to the degree of deviation of the 
o-'Ceiidintr current of lualed gaMsfroiu ihctn. descend to the point of fusion either 
tlioroiuhly 'boMdiMfl. and slightly carlKUiised, or p<issihly with a portion still in the 
st.ite ot ovule, an I niivn g there with the properly reduced ores, enter into fusion with 
them. pro<lming a mixture of irons which must ne^ssarily prove of inferio»Tquality, 
and a hl.n k ciiulcr from tha iinrtvjnccwl oxid4S. M'hcn the iron tube in the throat of 
the furnace was kept only partially filled with minerals, much ri ore gas c'^cajH-d into 
the optn air, as might hate been expected, and consequently more traversed the 
-^central parts of the furnace ; and it was always observed that when that mode of filling 
was adopted, the furnace worked much b<*tter : but then the object, via. that of eco- 
nomising the gases, was not attained. Ihfferently formed furnaces were found to be 
disturbed in different degrees by this sy.^tem of drawing off the ga.ses: the old conical 
nnrrou- topped furnaces w. re affected very much less than the improved nuHlern 
tloiuol top furnace of large capacity, from which all attempts to take off any useful 
portion of tlie gasi < pro\ ed uhM>lnte ruin. It might be argued, that as the sanio 
<p;antity of blast ai.d liul ivere used as heretofore, the asceiidinu current of hi-ati-d 
ga'4» '' ought to prodiuM- tin* Kauie deoxidising and carbonisui" effi'Ct on the snpenii* 
enmlH'ui muss, wliatevcr direction tin-y might laki* in making their e^-cape at the 
ujiper region of the furnace ; for if the central part should not have been suffieiently 
acted ujHin, the external annulus would have more than its umkiI share of chemical 
influences. But when it is considered that iron is only capable of taking up a certain 
quautity of carbon, and no more, it follows that after having received this dose, its 
further ex|><)sure in the external parts of the furnace where the heated gases abound 
can do nothing towards supplying the deficiency of carbon in the metal reduced in 
the ccnir.il part. From these considerations it became evident, that no system of 
drawing off the gases around the sides, whether by the insertion of an iron tube into 
the throat, or by lateral openings through the walls iuto a chamber surrounding the 
top of the furnace, can be adopted without more or less injury to its action ; and that 
the only unobjectionable mode would be to take the gases from a chamber above the 
surface of the minerals, thus equalising the pressure on the whole sectional area of 
the mouth, and thereby allowing an equally flow for the ascending current up 
the middle, as well as up the sides of the furnace. By this method the whole of the 
waste gases would become utilised, instead of a portion only, and the furnace would 
be restored to its original state, inasmuch as the direction of the flow of heated gascs 
would not be interfered with by unequal resistance. To form this ch.'imber, the fur- 
nace must be covered in, and fed through a hopper, a plan long adopted at the Codner 
Park Iron Work.s with the supposed advantage of scattering the minerals around the 
sides of the furnace, and preventing their accumulating m the centre ; a conical charger 
of this description, but fixed in the throat of the blast furnace, was in use at the 
Cyfartha orks more than half a century ago, the minerals being thrown by 
baskets to the centre of the cone, and allowed to roll down to the sides of the furnace, 
thus giving a cup form to the surface of the minerals, the larger lumps of course 
rolling to the centre, and aflbrdii^ a freer passage in that direction for the upward 
current. 14 was not, however, until January, 1851, that a trial was made, at tlm 
Ebbw Vale Works, of an apparatus of this description for collecting the gases. It 
was then supplied to one of the old forms of conical furnace with a narrow top, and 
the trial proved eminently successful, the furnace producing any quantity of iron re- 
quired according to the burden, as usual, ^veral other furnaces were similarly fur- 
nished in and around the neighbourhood, and it was now thought that the principle of 
taking off the gases from a chamber above the surface of the minerals, together with 
the conical mode of charging, were the only indis|t?nsablc conditions to success for all 
furnaccw ; and some even which were originally built too narrow at the mouth, were 
actually improved by the new method of charging, which did not allow of the sur- 
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fact's of the mineraU mmg higher than about 6 fi^et from the i“p ; ilvis p ' jns: t.> the 
furnace a diminished height, and as a cou5e<iucnce of lU cun:cal thapi- a wider 
mouth. Farther cxpeneuce, howc\cr, demonstraUtl the fallacy of this p. t.>.rai C'-n- 
clusion. 

A large domed furnace was furm'>hed with the sam*- htud t f charemp 
wrhich proved so successful m former instances, hut lo the astouul.uf o'. «•* a . .t 
turned out a complete failure, the same d* rangenunts «K’Currifig as in the f-ni-r 
cases, where a portion of the gxses only was colUvled, hy sinking a tuU> ui'o t!te 
throat. Now this furnace could not he hUe<l lo within n or 7 f^et of the top. a: d at 
that depth the diameter was 13 fl- 6 in., owing to the sharp sw, . p of th« doim; . it. 
SM^tual working furnace was therefore 37 feet high, instead «>f 4i h * iMt i mouth 
13 ft. G in., instead of 8 ft $ and as the minerals cannot he so c!< x. n^- 1 : ih.* 
smooth sides of the walls as they do locked in each other m the more c«-{<t;ai r< p <-n 
of the furnace, a much freer discharge of the gases tip the sides must take ; l.u ’ . aiol 
on boring a hole through the side of the furnace, in the neighbuurhotid of th> lo !.< «. 
it was found that 2 feet in, the coke and other minerals were at a white heat, l>..t a 
little further on towards the centre, lumps of black bUuing coal were found, w;tli 
iroustouc which had not even at'nioed a red heat The charging apparatus wa< n<>w 
raised with the fnmace 5 feet, and the minerals drawn up au incliuid plane to the 
charging cup, thus enabling it to be kept full to within a shi rt r the md 

mouth, after which the furnace worked as usual. That dnniinslp >1 not 

the cause of the bud working of the furnace wasaft«■rward.^ proved, (he t.jn.4^ having 
been blown out for repairs, and re-lincd with bnckwoik. g.viiig it tlsat f-'iin and pro- 
portion deemed necessary, from the experience gamed; the h> iglit U .up i.ow i.jdy 
37 feet instead of 44, and the diameter of the mouth 7 ft. f> in., or r*ne Inilf of th.it at 
the boshes. The same charging apparatus which failed In fore. inountid G f«(t alK>v«‘ 
the mouth, was used, and the furnace has now Imh-d working uninterrupti dl> lor .* 
years, turning out as much as IGO tons of grey pig iron per week, or when hurdcj»« d 
for white iron, 200 tons ; economising the whole of its gas. and as much undi r th« 
control of the manager as any furnace, either closed top or op«‘n top, can reasniubl} K- 
ex pected to be. It is clear, therefore, that the covering of the t<ip hasimthing whatrvi r 
to do with the action of a furnace kept full to the mouth, and h.iviug ilu pr -j « r furni 
and proportions from that point downwards. The mouth nm.Kt he luuh u, In- 
that part of the furnace which represenu the mean height of the surface uf the 
minei^s, and not the top of the masonry, and the question arises, wb t pnip ort. ui 
should that bear in diameter to the boshes or widest pan, and what the latter shmiM 
be with reference to height in order to secure a maximum economical effect on the 
quality of the iron made, and on the yield of fuel. This state of }>crfectioQ can exist 
only when the uothermal lines in the furnace arc parallel lo the horizon. The tem- 
perature of the minerals at any given height above the tuv i ns being the same through 
the whole horizontal sectional area at that height, and eonsc'^ueiitly arriving at the 
zone offu^iou in an equally prepar. d state. It 'the nu-uth of the furnace he {(■<> wide, 
the heated gascS have a greater tendency to pass up the snh ^ ilian thvot- h [} e . 

thus de.stroying the horizontality of the lines of t qual teinpei aturc. at. 'I lcv . th m 
a curved form with the convex side downwards ; lu nee or* h at dtlfi u nt ** ,i ; • : ..‘up 
and of various stages of preparation, will occupy anv given h«*ri/"n{al s- an n.il ar< a 
of the furnace ; these descending together and mixing in the zone fu.^iun. w id j re- 
duce evils in proportion to the extent of the deflection of the curves from a horizontal 
line. On the contrary, if the mouth of the furnace he too narrow in p. oportum i*> 
the other parts, we may expect an undue portion of the gases to pass up the emitre, 
leaving the minerals around the sides comparatively unacted upon. It is easv to ste 
that evils of the same kind as before must exist here, the. isothermal linvs bvM oniing 
now concaie downwards, instead of convex^ giving as before, through any horizontal 
section of the furnace, ores at various temperatures, and at different degrees of <Uoxi- 
datiori or carburation, according to the depth which they may have attained in the 
furnace. There are beveral instances of fum.uces..originuI!y built with too narrow 
tops, bedng greatly improved by widening them ; this may convenient^ he done hy 
feeding them through a con cal charger, w hich by lowering the surface of the minerals 
virtually increases the width of the mouth : on the other hand, furnaces having the 
opposite defect of being too wide at the top, may he benefitted to some extent, pn>v ided 
the walls are nearly perptMidicular, or jo not widen too rapidly downw ard.s, by em- 
ploying M large a cone as it is possible to work in the throat ; for by the use of this 
feeder, the minerals must fall close to the sides, and the larger lumps roll to the axis 
ot the turnace, and so facilitate passage of the ga?cs in that direction, besides 
giving to the surface a concave or cup form, and consequently a dimiuishek height 
and resistance to the upward current in the middle. This principle of improving the 
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charjrinji of such defective furnaci'S is even ^rried oat to some extent in feeding open 
top furnaces where the are wasted. •The charging plate is so placed as to 

prc\ent the noM* «*f tin* harr«»w from pn»ject«ng any distance into the furnace; the 
imiuTals bfin;: thus di-i h »ri:ed ohise to the edge, the larger lumps lia\e a tendency to 
rrdl over towards the centre, leaving the smaller at the ring wails, to check the up- 
ward current in that dir»*ctiou. 

The .'iho\c con'^idcrations will materially assist in furnishing an answer to the oft 
repeated and very iin^Kirtant question, ** What form and proportions fchouM a Mast 
furna< e ha>e to produce the best results in quality of iron, and in economy (*f fiul, 
whotUer worked on the open lop principle. t»r eiielo>»t d lor the purp<»**e of utihsing the 
waste gas<*8?’' Experience has proved that wIum th" mouth of the lurnace is 
half the diameter of the widest part. giM»d w<irk is iduaaied. and that any devia- 
tion from that proprorti<ui, if m e\(e‘-s. has K e:i pro'iuctive of great derangeiin nt 
in its action. 'Pin* lieijjhr of tin- lurnace should also hear a certain proportion 
to the gr^ at- si di.inn t- r. .n ord* i lo '■ecuie an uniform tlow of the ascending current 
throuL’li III Us part', }-‘r if thewidi-'t part Mar too great a redatiou to the height 
Ih-- h i-h-' ni i't n*<e".inly he of a h»w angle, and consequently the minerals 
arout.d th.* '' in ar their top he at too great a distence out (*f the direct lin^of pas- 
sage <»f the ai>ceuding current, and conse-iU-.ntly remain only partially prepared for 
fU'-loj). 


The pniportions recommended by Mr. Parry, and which have been practically 
-<e8ft*<l most satisfactorily in several instances, are as shown in^'/. 1011. The mouth 
// h' one half the diameter of the widest part c c, and this should 1011 

rot l>e at a less depth than its own diameter. The sides of ^ a' 

the fuinaee to this depth should be forim*d slightly dome- 1 | '' g' 

f.i.shioned, fir the purpiise of giving to that region a larger 
capicity than would be obt:une«l by a conical form. 'I'bc 
mdnis of the cur\e slumltl be at right angh*s to the a\ s of 
thi‘ fiiri' and ronm <l by a pr.-lougaiion of the line wpre 
8 ntuur tlie gre.ite'*t <liametfr. Whvn the radius us M‘t at a 
great angle with this line, which is often d'uie to gisn* gr a(er / 
capacity to the domed part, the distortion produced bv the j 
sharpness of the curve may lease a segment of the miiuTaK y 
unacted ui>on by tlie gases in their pa.s>age to tlie month, and 
entail greater es ils than would be compensated for by mere sed 
capacity. The curse is couiinued below the widest part (d 
the furnace till it meets the t<>p of the boshes Jrf, the angle 
of whieh should not be less than 70®, and start from the 
point of the tuyeres ,/]/*. The depth also from the widest 
part to the tuyeres should not be less than its own diameter 
half the diameter of the tuyeres. These proportions give 
a bla^t furnace, of any determinate height fixed upon, the 
largest possible capacity it is capable of receiving, while re- 
maining free from any distortion of form, likely to give a place for minerals to 
lie out of the way of the action of the upward gaseous current ; when the height 
excecd.s the proportion to its greatest diameter indicated in the figure, an unnecessary 
sacrifice in its capacity is the only loss entailed. The lieight above the mouth must 
be regulated by the kind of hopper used for charging, where it is intended to carry off 
the gases. 



Doubtless when the true principle of collecting these gase.s without injury to the 
blast furnace becomes more generally known, attention will be directed to the 
easiest and most convenient mode of introducing the minerals. The conical charger 
has only’ one disadvantage, that namely of allowing a great waste of gas during the 
charging ; probably some kind of revolving hopper may be contrived to remedy. this 
defect. It is of course assumed that the furnace is supplied with a proper quantity of 
blast, and of a density proportionable to the diameter across the tuyeres, so as to 
maintain a vigorous combustion of the fuel to the very centre of the hearth, the top 
of which is indicated by the letters c e, for unless this is attained, a 'cnld cone of 
mineral.s will remain in the centre, and produce derangements which no degree of 
perfection in the form of the furnace in the higher region can remove. 

Theory of the blast furnace, — Analyses ofethe gases from a furnace at Alfreton in 
Derbyshire, at various depths hel<»w the surface, gave to Messrs. Bunsen and Playfair 
the results embodied in the subjoined table. The furnace was supplied with 80 
charges in the course of 24 hours, each charge ct^sisting of SDO lbs. of coal, 420 lbs. 
of oalc^ed ironstone, and 170 lbs. of limestone, the product being 140 lbs. of pig iron. 
The gases were collected through a system of tubes of malleable iron, 1 inch in 
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diameter, and were receired in glau tubes 4 inches lonfr, and } of an iiieli in ih jn-.eu r 
The well known skill of M. Bunsen as a gas analyst is a giiarantee of the accursey 
of the determinations. 

Compositim of the Gasee taken /torn different depth* la the Furnace. 



I. 

II. 

tlL 

IV. 

V 

VI. 

\ It 

vm. 

IX 



8 ft. 

tt ft 

14 ft. 

ir ft. 

«•) i( 

23 ft 

24 ft. 

ft. 

NUroir«i 


M77 

M*S7 


55 49 

O'! lo 




Carbonic add • 

7*77 


9 41 

9*10 

1143 


» 1'. 

)• ■* 


Carbonic oxide 

»97 

lOM 

13*16 

19*3 

l••77 

19 43 

.0 U7 

. • 

3r-4j 

Isight carbureUcfd ) 

hydrnjrfn J ‘ 

Hydroften 

OicBant fraa • 

3*71 

8 23 

4 57 

6*fi4 

4*St 

4'40 

1 M 

2 


73 

fin 

933 

1141 

7fia 

443 

4 91 

5 r.-, 

3 1- 

on 

fPHi 

0‘»\ 

1-57 

l-3ft 

OOn 


0 to 

i> * 

Cyanogen 

ow 

OW) 

0-1)0 

0*00 

frOO 

0-tW 

trace 

trace 

1 34 


rr 


From these analyses it appears : — 

1. That at a depth of 34 feet from the lop. within 2 feet 9 inelies of tin tm . ri\ the 
gas was entirely free from carbonic acid, but contained an apprecnilde ipuninr or 
cyanogen. 

2. That the nitrogen is at a minimum at 14 f.t t. 

3. That carburetted hydrogen is found so low as 24 feet, inilieating that at that 
depth, coal must be nndergoing the process of coking. 

4. That hydrogen and ole&ant gases are at a maaimiim at 1 I feet. 

5. Tliat the proportions between the carbonic acid and carbonic oxide arc irre- 
gular, which is probably to be explaimd by the fact tbat water is dccom|ios(d a« us 
Tapour passes through the layers of hot coal. 

The average composition of the gases evolved from the materials used in the tdast 
furnace is somewhere between the two following numbers . - - 


Nitrogen ..... 

• coyor 

- - .‘7 

Carbonic acid .... 

8370 

• • 

Carbonic oxide 

26*846 

• - 24 042 

Light carburetted hydrogen - 

2 .6.16 

• • 2 74.1 

Hydrogen ..... 

M26 

- 4-972 

Olefiant gas - - . - . 

0112 

0-19*2 

Sulphuretted hydrogen ... 

o«>r> 

0035 

Ammonia - . - - . 

(' O-'iS 

0115 


KHJ'OUU 

ll M (»("» 


The proportion of nitrogen to oxygen as an average deduced front tii. so arahscs 
is 79'2 to 27. The product of the combustion of coal gives tlio same proportions as 
those existing in atmospheric air, vix. 792 : 2IIU8. The excess of oxrgm must 
therefore depend upon the carbonic acid of the limestone, and the oxygi>n <.f the ore 
given to carbon during the process of reduction. Now, ns at a depth of 24 li ct the 
gas col leettd contained 27-6 and 26 5 oxygen to 79 2 nitrogen, it is held tli.ii at this 
depth the gas must already have accninnlated all the oxygen of the ore, and the car- 
bonic acid of the limestone; and the conclusion is drawn that in hot blast furnaces fed 
with coil, the reduction of the iron and the expulsion of the carbonic acid from the 
limestone takes jilace in the boshes of the furnace... The exact region of the fiirnaee 
in which the iin Itiiig of the iron and the formation of slag are effected if not exactly 
defined, but it is a.-suined that the point of fusion is at the top of the hearth. The 
region of reduction in a furnace smelting with coal must he much lower than when the 
fuel is coke or charcoal, because a large portion of the bixly of the furnace must be 
taken np in the process of coking, and fhe temperature is thereby so depressed, that 
it is sufficient neither for the reduction of the ore, nor for the expulsion of carbonic 
acid from the limestone. 

The mean general results obtained by M. F.bclmcn from a charcoal furnace at 
Clerval are given below. The methods of analysis adopted by this chen^t were 
altogether different from those employed by Messrs. Bunsen and Playfair. For 
details we refer to his memoir in the Annales dee Mines, vol. xix. p. 89, 1891. 
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No. «>f lll.llfkl' 

1. 

11 


fi 

IV. 

V. 

VI 

VII. 

Drpth Ikflvtw mmith 

3in 

3in 

9ft. 9)n- 

9 ft. 9 in. 

19 ft Ctn 

lOfl. fiin. 

27 ft. 

Tj rap. 

C'arb»»nu* at iii - 

12 <11 

n 9% 

4-14 

i 4*23 

0*49 

0*07 

(■■(K) 

<» 93 


24 

23*«S 

31 

! 31-34 

.V. OS 

3V47 

37 ss 


n - - 

vS 19 

4 31 

304 

i 2-77 

106 

1*09 

1*13 

0-79 

( arl>iir«’tl4nl 

093 

I»S3 

03f 

* 077 

0 36 

f' 31 

0 10 

0-2S 

Silrofft-n 

ST-22 


GO-92 

' G*V89 

G3 04 

0.3 O'* 

61 22 

17 

TouU* 

100-00 

100 on 

ion no 

kki on 

1(V» (O 

I'fKm 

KO-no 

100 00 

Oxjft**!!, per I(K) ni- 
trogen - - - 


4nt 

32 7 

32 7 

Vi 

2«-2 

307 

3V« 

<*arlxni vai'tnir pt r 
Kitrujf.-n - 

32 

."ii 7 

♦; 

21* fi 

2S-5 

ms 

30-7 

3S-9 


I <;,i5 t.ikon a short time after the iDtrodnetiqp of the charge: II. ^e same 
iikm a 'luarter of an hoar after charging: III. gas collected through a cast-iron 
luhe four inches in diameter; it rushed out with a noise and gave a sheet of flame, 
i.i’Tving with it particles of charcoal and dust: IV. gas collected by boring the 
masonry; it rushed out violently, binning with a blue coloured flame: V. the 
T..ime taken an hour after : VL gas collected by boring the masonry at the back of 
the furnace about .Ij feet above the tuyere; it burnt with a white flame, giving off 
fimesof oxide of zinc; it was collected through porcelain tubes : VII gas collected 
through gun barrels lined aith porcelain; it was evolved with sufficient force to 
proii'ct sronic ami even c.i-it iron. 

'file furn K'e was working with cold blast under a pre.ssnrc of ‘44 inch of mcrctirv. 
'I'he eh.irges h id the I'ollow ing cotiiposition : — Charcoal, gih lbs ; minerals (various t, 
.'i iT lbs , limestone, g'i4 lbs Thirty -two charges were driven in twenty-four hours ; 
tin* furnace wins sto[»(>ed after every twenty charges; the produce being ,1b7tilbs. of 
black cast-iron ; the daily yiidd being aliotil fllT.-i lbs 

The experiments show that while the carhome acid progressively diminishes down- 
wards, the carbonic oxide progressively increases, the former altogether disappearing 
at a depth of 27 feet On examining the numbers representing the oxygen and 
carbon referred to lOil nitrogen, it is seen that they diminish progressively to a depth 
of 19 feet, the oxygen combined varying from 42 5 to 28-2. The proportion of 
carbon in the same zone rises from 28 5 to 32"8; a result brought about as Inuch by 
llie carbonie acid disengaged from the minerals as from the gaseous products of the 
distillation of the charcoal. It is seen that the reduction of the mineral is already 
considerably advanced at the depth of I9J feet ; and this, so to speak, without any 
consumption of charcoal, but through the conversion of carbonic acid into carbonic 
oxide. The hydrogen decreases as the carbonic oxide increases ; showing that this 
gas exercises no influence in the reduction of the ore. 

The results obtained by M. Ebelmen from a coke furnace at Seraing were as 
under : — 


Na of experiment - - - 

I. 


III. 

IV. 

V. 

VI 

Depth - , - - . 

1 ft. 

I fU 

4 ft. 

9 ft. 

ion. 

10 n. 

12 ft. 

45 ft. 

Carbonic acid - - - . 

Carttonic oxide - - . 

Hydrogen - _ _ . 

Carburetted hydrogen 

Nitrogen 

11 3'l 
2s-fil 
271 
o-.o 
87*0»i 

11-39 

2K*y3 

3 04 

.S6'G4 

9 R5 

2s or, 
0*97 

1 4R 

59 64 

I 54 

0 69 
1*43 
62-46 

1 OR 
35-2 
1-72 

0 33 
61-67 

1 13 
3.S-.Vi 
20A 

61-15 

0 in 
36 30 

2-01 

0*25 

61-34 

0-00 
4.5 0.S 

0 25 
0-07 
54-63 

Totals .... 

lOO-OOe 

100 00 

100 00 

100-00 

100-00 

100-00 

100-00 

100(10 

Oxygen, per ?bo nitrogen 

4.S-0 

4.S-6 

400 

296 

30*2 

30-6 

2D-9 

41-2 

Carbon vapour, per lOOiiiirogen 

35*2 

3.V7 

33*0 

29-4 

29-6 

30*0 

29 9 

41 3 


I. Gas obtained by plunging an iron tube. three centimetres in diameter, about 
one foot into the furnace : II. the same ; the gas burnt spontaneously : IV. two 
consecutive analyses of the same gas : V. the gas was collected by an iron tube : 
\ I. ga^ollected by piercing the masonry two feet above the tuyeres; the gas was 
accompaniel by fumes of cyanide of potassium, but no cyanogen could be detached. 
The furnace was 50 feet high ; the air was supplied through two tuveres and 
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heated to 212^; itw*» dritcn at the rate of *’6,S40 gallons per mintile unH«ra pr* «^4un- 
of *5 of mereory. The charges were coniiM>se<l of, anroosted mmeraK lb« ; 
forge cinders* J434lhs.; linieslone, 94Slb<.; coke, lT6.*ilb«. The metal was run 
every twelve hoars, and 17,500 lbs. of white crjstaitsne cast-iron obfa:n«’<l, wh.i h was 
ran on thin plates and taken directly to the puddling-furnace. The yield of the 
mineral was 42 per cent., and the consamption of coke 1500 per 1000 of «M>t-irr>n. 
rising from 1800 to 2000 per 1000 of iron when the furnace was working for foundry 
iron. 

The analyses show a rapid dimination of carbonic acid, and indicate th.it in the 
Qpper regions of the furnace an energetic reduction of ore takes p!.ie<‘ hy the ie 
of carbon under the inflaence of the high temperature of thi* a^'cnduig ga» ». 
Between one and nine feet the limestone is calcined The reduction of the ore takes 
place at this region by the conversion of carbonic oxide into carbonic acid, without 
charge of volume and without consumption of carbon. The increase in the by drogi n 
is too small to induce a supposition that aqueons vapour in decomposing can disvHr 
any notable quantity of carbon. The g^es collected at a depth of about I J f* ft 
represent about the mean coinp4'8itioQ of the gaseous mixtnre; from that point to a 
depth of 45 feet, two-thirds of ine total height of the furnace, the gases do not 
sensibly vary, and are composed almost entirely of carbonic oxide and nitrogen. At 
12 feet the oxy^n is to the nitrogen as 29’9 to 100; in atmospluric a.r it \s as ‘ 2 i'. 3 
to 100. The dinerence, 3*6, represents the oxygen arising from tlie ndiu tu*n of the 
silicates of iron constituting the forge ciudors. which thu.s is seen to take pl.ice 
between the tuyere and a depth of 12 feet. Tliest* silicates are well known to bo 
decomposed with difficulty, but they are reduced at the high temperature privailmg 
in that zone of the furnace, and their reduction gives rise to a corresponding quantity 
of carbonic oxide, to a consumption of fuel, and to a considerable absoi ption of latent 
heat. The other minerals are reduced higher up in the furnace, and this is common 
to all coke furnaces, being due to the high temperature of the ascending gisfs, a 
temperature much higher than exists in charcoal furnoces, a far larger quantin of 
combustible being consumed. Hence it is that forge cinders can >e lucccssfully used 
in coke furnaces; while in charcoal furnaces the intro<!uction of small (luaniitic* 
only alters the working of the furnace, makes the iron u/u/r, nnd corrodrs rapidly 
the walls of the furnace in consequence of the imperfect n duct ion. 

From bis eudiometric experimenu on the gases from coke and charcoal furnaces, 
Ebelmen deduces the following conclusions: — 

1. That the amount of carburetted hydrogen is too small to exercise any influence 
over the chemical phenomena of the furnace. 

2. That the atmospheric air thrown into the furnace by the tuyere produces soc- 
cessively carbonic acid and carbonic oxide, at a small distance from the opening. 
The first of these reactions gives rise to an exceedingly high temperature ; the second, 
on the contrary, causes a great absorption of latent heat, and a corresponding lower- 
ing of the temperature of the gaseous current. The limits of the zone of'/Htion beam 
relation to the space iu which the transformation of carbonic acid into carbonic oxide 
takes place. 

3. That the ascending current consisting of carbonic oxide and nitrogen, with a 
little hydrogen, produces in ascending two distinct effects; it comminncatos one 
part of its sensible heat to the materials of the descending column ; it hecomes charged 
with all the volatile products disengaged at different heights, and it reduces the oxide 
of iron to the metallic state. Sometimes this transformation gives rise to an increase 
in the quantity of carbonic oxide ; sometimes, on the contrary, it effects the conversion 
of carbonic oxide into carbonic acid without change of volume, and without com- 
hustion of fuel. Whenever the reduction of oxide of iron takes place with the 
production of carbonic oxide, there is a consamption of fuel, and an absorption of 
latent heat. It is essential, therefore, to the good working of the furnace, that the 
minerals should arrive completely reduced to that gart where the temperature is suf- 
ficiently elevated for the conversion of carbonic ac^ into carbonic oxide by contact 
with carbon ; this condition is nearly always realised when the oxide of iron is in a 
free state in the mineral. The reduction of the oxide when in combination with 
silica requires, on the other hand, a high temperature, and it can only take place in 
that zone of the furnace where the carlionic acid has completely disappeared. 

4. That the zone where carbonic oxide exists alone is much more extended in coke 
than in charcoal furnaces, and is nearer the month in the former than in the latter : 
it falls lower, however, in the cyliajler with hot blast, the quantity of heat remaining 
the same. 

5. That the volatile gaseous matters from the distillation of the charcoal &ss into 
the escape gases, and exert no influence on the redaction of the minerals. 

The mutual relation of the carbonic acid and carbonic oxide, which U observable 
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in the analyses of Ebelmen, is not fouiwliin those of Bansen and Playfair; this is at- 
tributed by Kbelinen to the circumstance that the latter chemists collected their gases 
tlirough narrow iron tribes, which, becoming intensely heated and partially choked 
by the fragments of ore and fuel introduced by the rapid stream of gas, so modified 
the com|>osition of the gases, that the analysis, however carefully conducted, could not 
ri'prtsent accurately their real composition. Ebelmen collected his gases through 
M ide tubes, and from the lower parts of the furnace, by piercing the solid masonry. 
It IS obvious, however, that none hut very general conclusions can be drawn from the 
anah-^is of the furnace gases, in whatever way they may l>e collected, for their com- 
yK)suion cannot be the same under all circumstances, the nature of the fuel, the pres- 
sure of the blast, and (as Mr, Parry's exp«Timents prove) the shape of the furnace 
itself, must each exert an influence in modifying the circumstances which atfect their 
composition. Although, therefore, it is itn|K>ssible to fix the precise region of the furnace 
where the rediicti<in of the oxide of iron begins to take place, that is, to define pre- 
eij«» ly th»‘ limits of tlie “ zone of reduction,'" we may in considering the theory of the 
I-ro'.uction of crude iron divide the funiace into four zones. 1. The zone of redne- 
t on. '2. Th*‘ zone of carlmration ; 3. The zone qf fusion : 4. The zone o^xidation. 
The zone of reduction wUl vary in extent, according as the furnace is working with 
i'oal or with coke ; with hot blast or with cold. The zone of carburation commences 
ju-'t below the top of the bosses, the reduced metal in a soft and malleable state here 
nctjuircs carbon, its rapid sinking being retarded by the contraction which the sides 
of the furnace begins to undergo from this point downwards. As the carbonised 
metal passes through the zone of fusion it melts, together with the earthy matters 
which serve to protect it from the oxidising efifects of the fourth zone, that of oxida* 
turn, through which it passes in its pa'^sage to the crucible. If the temperature of 
tlie zones of fusion and oxidation be not much liiglier than the melting point of spe- 
cular iron, the ni<*tal in the cnicihlc will he white, with little or no graphite; and if 
the ir<»n remain suthei^Mitlv long m the zone of carburation to take up the maximum 
«|nanfity of e.irhon, it will he bright iron. The reduction of silicon appears to take 
plaer at about tlie ineliing temperature of specular iron: it exists therefore in small 
tjuanfity in vhite iron, and in greatest abundance in the grey iron smelted from re- 
fractory ores, which require a high temperature. 

The proportion of carbonic acid in (he gases obtained from different heights in a 
furnace, has been studied by MM. E Montefiore Levi and Dr. Emil Schmidt (Zetf- 
srhn/t (la Usten In<jt7iicurv(<rctni'x, 18.>2). They found that the zone from which thU 
gas IS entirely absent is of very limited extent, for although it is not met with at a 
height of 8 teot from the tuyere, it exists at 9 feet to the extent of -4*78 per cent, 
al>ove which point it diminishes up to 15 feet, where it is 0. From this point it 
again increases, amounting at a height of 30 feet to 3'5 per cent. It then gradually 
diminishes, until, at a point from 37 to 39 feet above the tuyere, it amounts to only 
T69 or r91 per cent ; after which it goes on increasing with rapidity and regularity 
up to the furnace mouth. The carbonic acid existing in the furnace gases between 
1 5 and 30 feet is referred by these chemists to the decomposition of the limestone used 
as a fittx ; and its gradual diminution above this point indicates a reaction of consi- 
derable importance, that namely of the carbonic acid upon the ignited coke carbon 
being taken up and carbonic oxide formed. Now, the quantity of carbon taken up by 
275 parts of carbonic acid to convert it into carbonic oxide, amounts to 75 parts, and as 
in the furnace experimented with, 20,000 kilogrammes of limestone, containing about 
8000 kilogrammes of carbonic acid were consumed every 24 hours, a lo«s of fuel 
equivalent to 2173 kilogrammes of carbon was daily occasioned by the conversion of 
this carbonic acid into carbonic oxide, and this may be considered equivalent to 2500 
kilogrammes ot coke with 11 per cent, of ash. The heat absorbed by the conversion 
of the carbonic acid of the limestone into a gaseous state is found by c-alculation, 
taking the specific heat of carbonic acid at 0*22, and the heating power of coke at 
6000, to be equivalent to that ^^veloped by the combustion of 322 kilogrammes of 
coke. Nojj^ it was demonstrated by DuKmg that the quantity of heat disengaged in 
the conversion of carbon into carbonic oxide is much less than that disengaged in the 
conversion of carbonic oxide into carbonic acid, although the same quantity of oxygen 
is required in both cases. The conversion of carbonic acid into carbonic oxide by 
pt^sing over ignited carbon, is essentially %twofold action ; a combination of carbon 
with oxygen, and a decomposition of.carbonic acid into carbonic oxide and oxygen ; the 
former is accompanied by development, the latter by absorption of heat ; the latter 
preponderates to such an extent as to indicate a ^oss of temperature equiv^ent to the 
heat developed by the combustion of 1609 kilogrammes of coke. 

These considerations led the authors to employ burnt lime in working blast furnaces, 
and thus to obviate tlie loss of heat : the results were not at first satisfactory, the 
management of the furnace being very difficult, and the slags black mid pasty ; but 
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subsequently tbe working was regular and , 50 od, and the saring of coke and the in- 
crease of production are stated to have been very evident ; moreov er the raw iron w at 
of better quality, and all the interior parts of the furnace, especially the tv nip atone, 
remained in a much better state of preservation than when limestone was useal. 'I he 
following table shows the quantity of coke consumed for every 100 kilopramiinn of 
raw iron, and the production during six niontha The figures in the first column refi r 
to the furnace, in which limestone alone was used ; the second column to the aame 
furnace, in which burnt lime alone was used; and the third column to the furiiaeo 
in which limestone was used for three months, and burnt lime for the next thne 
months. 



Quantitj of Coke in kllofrunaiM 
consumed for tftrj lOOkUognfnnMW 
raw iron. 

Bedyction duHng 3^ d^ji. In 
kltograamcs. 


1. 

5. 

S. 

, 

s. 1 

». 

j 

, WUh 

Wth 

WUh 

With 

With I 

With 


Lbnetto— . 

btti.it Lime. 

limestone. 

Limeetooe. 

bumi Lime.' 

Llmrstoor. 

April - - - 

165 

145 

16.3 

436,000 

6iH,0(>0 


May - - . 

165 

147 

159 

447,000 

:*? 2 .o<>o 


June - - - 

160 

147> 

164 

477,000 

5h8,O00 

4''8,lK>0 

July . - - 

I6I 

1464 

t^ith 

burnt Lime. 
149# 

462,000 

I 

r)55,ooo ‘ 

W.ih 

burnt 

537.<MtO 

August 

156# 

14.5 

146 

465,(100 

5.36, (HHI 


September - 

153 

147? 

146 

477,000 

577,000 ' 

60(1 iM Ht 

Mean - . - 

160 J 

146j 

154J 

461,000 

573,000 ! 

.516,000 

Average from April 
to June 



162 


1 

46'J,0O0 

Average from July 
to ^ptember 

- - 

- - 

147i 

- - 


5' 


The very regular and uniform resnlu given in this table, show that by the use of 
burnt lime, the consumption of coke for every 100 kilogrammes of raw iron was 
reduced by 14 to 15f kilogrammes, while at the same time the production of iron 
increased, within a certain period, as much as 22 to 24 per cent. 

Hitherto the opinion of metallurgists, with regard to the use of burnt lime, was 
rather unfavourable than otherwise, but since the above experiments were made (at 
Ougree), it has been employed with good results in England and IVales, and as much 
as 12 kilogrammes of coke have, it is stated, been saved for every lUO kilcgramnics of 
limestone, which was replaced by 6.3 of burnt lime. 

Varieties and chemical constitution of cast iron. — In commerce there are four prin- 
cipal varieties of cast iron, known respectively as Nos. 1, 2, .3, and 4. or /lark <ir,o, 
bright grey, mottled, and white; these terms, although convenient, do not, howenr. 
indicate the intrinsic value of the iron thus denominated, as the variable qiialiiics of 
ore, fuel, and limestone may exercise such an influence on the resulting crude iron, as 
to render a low denomination of one manufacturer of greater commercial value than 
a higher denomination of other makers. The general characters of the four varieties 
arc these:-— No. 1. Colour, dark grey, in large rounded grains, obtained commonly 
near the commencement of the casting when the furnace is in good working order, 
and when an excess of carbon is present ; in flowing it appears pasty, and throws out 
blue scintillations. It exhibits a surface where crystalline vegetations develop them- 
selves rapidly in very fine branches; it congeals 07 fixes very slowly ; its siirfiice, 
when cold, is smooth, concave, and often charged with plumbago; it-has but a 
moderate tenacity, is tender under the file, and susceptible of a dull polish. When 
melted over again, it passes into No. 2, and forais the best eastings. No. 2, colour 
bright grey, of small-grained structure, and interspersed only with small graphite 
laminte ; possesses great tenacity, is easily filed, turned, and bored ; may even be 
hammered to a certain extent ; does not readily crack from change of temperature. 
No. 3 is a mixture of white and grey iron. On strongig mottled iron, little stars and 
spots of grey iron are found, intcrspdtsed in bright or flowery iron ; weakly mottled iron 
exhibits white specks on a grey ground. In streaked iron, grey iron is foundcabove 
and below, and bright iron in the middle, with strong demarcations. No. 4. White 
iron varies from tin white to greyish white; it is very brittle, cracking easily, even 
by Uiange of temperature; it is extremely hard, sometimes even more so than 
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hardened steel, so that it will resist the strongest file, and scratches glass easily. 
Fracture sometime laminar, sometimes lAnino-radiating, sometimes finely splintered, 
sometimes dense and conchoidal. As the fracture changes from laminal to conchoidal, 
tlie colour likewise varies from white to greyish. Mean speeific gravity, 7*5. Ex- 
pands less than grey cast iron when heated, cannot be welded, because it becomes 
pasty at the very lowest welding heat When heated to the melting point it does 
not suddenly pass into the fused state like grey pig iron, but is converted before 
fusing into a soft pasty mass. In this Variety of pig iron the whole of the carbon is 
united to the iron; it is never used for casting, but always for conversion into 
malleable iron. The bright iron obtained from spathic iron ore contains the largest 
proportion of carbon (5'3 per cent, according to Karsten). A white iron is always 
the result of a derangement in the working of the furnace, though it by no means 
follows that when the iron is white the furnace must necessary be in a disordered 
state, the presence of manganese, for example, has a tendency to make white ca>t 
ir<tn ; but the quality may be excellent. The white iron resulting from derangement 
fio\ss imperfectly, and darts out in casting abundance of white scintillations; it fixes 
'iTv <juiekly, and on cooling exhibits on its surface irregular asperities, which make 
it extremely rough ; it is exceedingly hai^, thoi%h it is easily broken, t^e fracture 
being radiated and lamellar, the bar iron it affords is of inferior description. This kind 
of iron is always produced when the furnace is carrying a heavy burden of forge 
cinders containing sulphur and phosphorus. 

Thus there are two distinct kinds of white cast iron : 1st That obtained from ores 
containing a large proportion of manganese crystallising in large plates; this variety 
IS l\ighly prized for making steel. 2nd. That resulting from a heavy mineral burden, 
or from a general derangement of the furnace, or from the rapid chilling of fused grey 
iron crystallising in small plates ; both are hard and brittle, the first more so than the 
last, ('a.st iron, which by slow cooling is grey, becomes white when it is cooled 
rapuity ; on the otluT hand, when white iron is melted and allowed to cool very 
gr.uliially, a portion of the carbon crystallises out as graphite, and grey cast iron is 
producrfl. 

In some iron works six varieties of pig iron are recognised, which may be classified 
thus: — 1. First foundry iron, large crystals; 2. Second foundry iron, large and 
small crystals mixed; 3. Dark grey, all small crystals; 4. Bright grey ; 5. Mottled; 
6. White, verging on mottled. 

The subjoined table exhibits the composition of some different varieties of Conti- 
nental, English, and American crude irons. The methods of determining the various 
elements which nearly always accompany cast iron, are given at the end of this 
article. 
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Besides the substances enumerated in the above table, other metals, such as copper, 
arsenic, chromium, titanium, cobalt, zinc, tin, aluminium, and the metals of the alkalies 
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and alkalme earths, are occasionally found in crude iron, but Tcry mrily m qn.mti'u » 
that can at all affect the qualilies of the fJWwJuct. The eli'ineni’t, tin* quaniitatj^e 
estimation of which has been pren in the abt»ve nnalvsvs, do, however, uiati ruoiy 
modify the physical qualities of cast iron. We shall, ibcrefore, offer a few , h*< r\a- 
tioDS on each. 

1st. CtirAon. — Iron can take up any quantity of carbon up to n little ov. r .I p*’r 
cent., at which point it becomes saturate*! ; the coiiq>oun>l thus formed U the »h.:c 
crystaUinc pig or specular iron (i) (r) (*)(t)i Vhen almdutfly pure its compo*iitui> 

94 88 iron and 5*12 carbon, it is a lr/ra-ctirA##rc/, Fe*C’. The most h»i:h!y carbon to -1 
iron which Faraday and Stodart could produce, comIsUhI *.f mm ’'i carl>«>n 64. 
There seems no reason for admitting, as some metallurgists have (hme. tl»e * jm *- of 
A polycarhuret of iron containing 18*3 percent, of carbon, inaimurh a* iron r(»nt.i omir 
under 6 per cent, appears to be completely satnrated. The specific gravity o: pur * 
tetm-carburet of iron is 7*66 ; it is the most fusible of all the carburru of m*n. rv 
melting point being l«()o® Centigrade ; it is brittle and stlTer white, and crj^tiH ** 
in obli*jue prisms, which are frequently tabular. According to Ourit the carbim t “f 
iron existing in gT*’y pig is the oclo-car/mrett Fe*C, the crystals of which belong to ihc 
regular or-cubic system, but almost' always ap|>ear in grey iron in the fonn of con- 
fused octohedral groups. The specific gravity of pure oct<i-carbtiri-t of iron, accordioff 
to the same authority is 7*1 5, and its composition 97 33 iri»n and 2 i;.! carbon, rt* coi.-ur 
is iron grey, Us hardness is inferior, and Its fusibility h’M than that of ni.tr ,ron ; 
the groups of crystals often found in cavittfti m Inrg** c.isimgv an* cf)inp<<«*«d of fins pe- 
culiar carbureL Gurit very ingeniously cndeavonrH to show that m grey pig-iroa the 
carbon of the octo-carburet is partially replar,'d h> itulphur, and pfnntp’itffuM and 

the iron by manganese and other metala In like manner the carbon of the fr/m-ror/>«rrf 
may be partially replaced by silicon. ph<*sphorus, or sulphur, the ehminalt'd carbrm 
appearing in the form of graphite : the s.ame <lecomposition is effected by brat, an i 
specular iron, if exposed to a tempi ratufe considerably above it* fusing point, b’coines 
p/*«y; if cooled slowly, the graphite separates in large flakes, if rapidly, in mmnte 
particles. Some metallurgists suppose that in grey cavt iron, a portion only of the 
iron is chemically united with carbon, the rest of the metal being *li«o|vrd in the 
carburetted compound in the form of tnalleable iron : we in< line howc* • r to th.* opmn n 
of Gurit, that the whole mass of the iron is in a state of combination w ith the eh etro- 
negative constitaents, such as carbon, sulphur, phosphorns, and silicon, 'rims in the 
white pig-iron of heavy burden («), there is a deficiency of carbon, that element bi'ing 
replaced by sulphur and phosphorus. 

Karsten gives as the mean of several analyses, 3*5865 per cent as the quantity of 
carbon in cast-iron smelted with charcoal from spatliic ore. He states, that iron 
containing as little as 2*3 per cent, of carbon still retains the properties of cast-iron, 
particularly the faculty of boparating graphite wh<*n allowed to cool slowly. With 
2 per cent, of carbon iron is not forgeable, and searcely if it conf.iin only 1*9 per 
Cent. W’ich this quantity of carbon if is .steel, thouiih not of flie wt-ldahl.* kind (oa'^t 
steel) ; even with so .small a proportion of carbon as 1 7.*) per cent, it is W' Id ible nnlv 
In a slight degree; the latter properly increases ns the hardness of the ir-Ti < U'* '. 

An amount of from 1 ‘4 to I'5 per cent, of carbon in iron denotes the niaxininm ^>1 Ix'ta 
hardness and strength. Iron containing O'o per cent, of carbon is a 'erv soft steel, 
and forms the boundary between the steel (or. iron which may yet be hardened) and 
malleable or bar iron. These limits lie perceptibly higher if the iron he pure ; and 
lower if it contain silicon, sulphur, and phosphorus. 

The composition of the various carbides of iron, according to Berthier, i.s as under — 



F<*C3. 

Ft*C2. 

FeC. 


Fe*C. 

F.'C. 

Iron 

0-600 

0C90 

0*819 

0S99 

0 947 

0-9043 

(.’arbon - 

0-400 

0 310 

0*183 

01(11 

0*053 

0-0357 


In the Ma.st furnace, the reduced iron may tnke up carbon in two different wav* ; 
1. By immediate contact with the incandescent fuel jr and 2. Bv taking carbon from 
carbonic oxide; thus Fe + 2CO = FeC + CO*. That iron decoinpos**r* carbonic 
oxide is considered by Le Play and l^aurent, to be proved by the following ex- 
periment; pure oxide of iron and ch.arcoal were heated in two neparnte porc< lam 
boats, placed in a glass tube; the air in the tube furnished ox\gen to t)ie carbon ; 
carbonic oxide was formed, which wa.<i ci»nverted into carbonic acid, at the expense 
of the oxygen of the oxide of iron; the carbonic acid was again transformed into 
carbonic oxide, by taking up a fresh quantity of carl^m, which was again converted 
into carbonic acid by taking oxygen From the oxide of iron, and thi.n went on until the 
whole of the oxide of iron was reduced, the metallic iron then decomposed cafbonic 
oxide, producing carbonic acid and carbide of iron; and this went on till a certain 
quantity of carbon had combined with the iron, when the action ceased. If the 
charco^ be very strongly ignited previous to the experiment, the carbonisation of tha 
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iron docs not take place, neither docs pure carbonic oxide carbonise iron when passed 
over the metal at a red beat : the effeef in the experiment above described may 
therefore be due to the carburetted hydrogen evolved f^rt'in the charcoaL Iron begins 
to take up carbon vrhen heated only to the softening point, the carbon gradually 
penetrates the metal, converting it first into steel and then into cast-iron ; conversely 
melted cast-iron gives up carbon to soft iron, which it converts into steel. When 
white iron (Ke*C) is heated with acids» nearly the whole of the carbon is eliminated 
in combination with hydro^n. Grey iron only gives up to hydrogen the carbon 
which was chemically combined irith the iron, the uncombined carlwn or graphite 
remains unacted upon } the dark, Spot produced upon grey iron by a drop of nitric 
acid arises from this separation of graphite. For the amounts of carbon in the 
different varieties of steel, see Sthel. 

Phosphorus. — In very few speennenK of crude iron is this element wholly absetU ; 
when it exists in small quantities only, it is said rather to improve the iron for 
castings, as it imparts to tlie metal the property of fusing tranquilly ; in a larger 
prnp{)rtion u weakens the iron. In like manner a very smaJl quantity of phosphorus 
liardtMis bar iron without materially infftiencing the other properties, but when it 
exo«‘« fls *.■) per cent, it renders the bar brittle, cold-akrrt^ as it is termed. According to 
Schafhaeutl, both cast-iron and steel arc improved by phosphorus and by arsenic , he 
found the latter in the celebrated Danneniora iron, and in the Lowmoor iron, and 
the former in the equally famous Russian (CCND) iron. 

Sulphur. — This element imparts to crude iron the property of becoming viscid, and 
of solidifying quickly with cavities and air-bubbles. It is not certain to what extent, 
or if at all, the presence of minute proportions of sulphur reduces either the tenacity 
<^r tlie toughness of cast-iron of given quality in other respects. It is stated in the 
Report of the Commission of Inquiry, as to the manufacture of ordnance on the con- 
tinent, on the authority of Schur and Mitschcrlich. that in certain Swedish works 
pi/ritt's is thrown into the furnace with the other constituents of the charge, to produce 
the fine groy mottU.l iron required for gun founding, and it is added that the effect 
mav be analogous to ibnt of the oxidising flame in a reverberatory furnace. It is 
certain that sulphur possesses the property of concentrating carb<»n in iron : and as 
mottled iron is a mixture of white and grey iron, it is not difficult to see hitw the 
addition of pyrites may determine the formation of this variety of cast-iron in a fur- 
nace, which without it would produce grey iron only : but it is scarcely credible tliat 
any intelligent founder would resort to such a method of making iron for casting 
cannon, in whi« h the highest possible degree of tenacity is required. The fine grey 
mottled iron, which from its tenacity ts know n to be best fitted lor large castings, is said 
to be prepared without difficulty, by charging the furnace partly with roasted and partly 
with raw ore, and so regulating the blast that the yield shall be regular, and the slag 
nearly colourless ; these two ores, having different degrees of fusibility, are reduced 
after different periods in the furnace, and hence affoM one of them grey, and the 
other white iron, the result being, provided the minerals are properly proportioned, a 
mottled iron, harder and more tenacious than grey iron, obtained by mixing or by 
smelting in the cupola. It is desirable that the temperature of the furnace should be 
kept as low as possible, the production of dark grey graphitic iron resulting alwavs 
from intensity of heat. 

When sulphur is melted with iron containing the largest amount of chcmic.'tllv com- 
bined carbon, sulphuret of iron is formed on the surface ; underneath a layer of 
graphite, and beneath that, a layer of iron with the md^mum of carbon : and when 
grey iron containing 3*31 per cent, of graphite is melted with sulphur, white irou, 
containing iron 94 U3, combined carbon 4-93, and no graphite, is formed. The tendency 
of sulphurous ores to produce white metal in their treatment in the blast furnace, b£tf 
long been know n ; it was supposed that this was occasioned by the too great fusibility 
which the sulphur gave to the cast iron, but ores containing large proportions of phos- 
phoric acid will pr^uce very grey iron, notwithstanding their fusibility, so that this 
explanation does not serve ; th«iexperimeDts above described point to the true reason. 
The sulpHir present in the ore (if as sulphuric acid reduced in the furnace) enters 
into combination with the iron, displacing a corresponding proportion of carbon, which 
becomes concentrated in the remainder of the metal, forming white iron. To guard 
against this, and in order to obtain a metal which shall contain a muumum amount of 
sulphur, the slags should contain the amount of lime, M Berthier having 

shown that this earth decomposes sulphuret of iron at a high temperature, in the 
presence of carbon M. Janoyer states, that the proportion of lime and silica in the 
slag may be as 54 to 36 ; it is doubtful whethe? such a highly basic cinder would be 
siiffic^ntly fusible. Direct experiments, however, have shown that the amount of 
sulphur in cast-iron diminishes in proportion as the amount of lime in the slag in- 
creases A still better flax is oxide of manganese, and it is found that when^ the 
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manganiroroiu tpsthow ore conslllute* part of t!.e hordcn of the furnare, »’.i!| ‘.rir 
almost entirely disappears from the crue.e iron, M. Janojer W he'is that h( i.a* 
proTed eaperimentally, that the whitening of cast-iron smelted from sulphur, .tm 
is due, in part at least, to the subtraciioo of a jMiit.on of its rarts.n. an i it' ' .i i;:- 
Usation in the form of snlphuret of carbon, by whieh the tem[>erature of the Inn. a- •• 
is lowered ; but his eaperimenls on this point renuire oonfiiyuation. The pres, i.c- 
a very small quantity of sulphur acts eery itynnuusly upm bar iron, »o sniail a jr 
portion as rendering the metal “hot short," that is, inc3|>al>Ie of being wml,- i i 
a red-heat under the hraroer. If the quantity of sulphur in the crude inm eseo ..s 
0 4 per cent., it is scarcely poesible to manufiacture it into ginxl wrought ir.m. 

Siltrcm . — Like carbon this element enters into combination with iron m all | roper- 
tions up to as high as 8 per cent. The largest qnaiitity found by Karsten in | 
iron was 3'46 per cent, bat in the aboee table a specimen (w) is quolial from t ...i - 
brook Dale containing 4-88 per cent: and «e have lately found it m a sani| 1. of 
Nova Scotia iron as high as S'8 per cent. Generally speaking, grey cast-iron goi.i i - ' 
more silicon than white, and the greater the quantity of graphite in the crude iron ih. 
larger the amoant of silicon, because the higher the temperuture of the furnace i > it 
this again will depend materially the quality of the coal, from the ash of which tlo- 
silicon is probably principally derived. A chan strong coal jielding a small (>• r 
centage of ash fhmishes a cast-iron with less silicon than an inferior coal, the ni.m i.il 

harden being the same. Pig-iron smelted with hot blast contains mor.’ than 

when the blast is cold, because of the higher temperature which prevails in the fiiB...n - 
zone of the furnace. Some analyses illustrating this fart have la'cn alreadv gii.n. 
According to the experiments of AIM. Janoyer and Gauthier the amount of silir. it 
in hot blast cast-iron may be greatly inflnenced by varying the proportion of Inne 
stone in the furnace. Pig-iron obtained with a charge y ielding a cinder in « Inch th.' 
lime and alumina were to the silica as 7 is to 10, had little strength, breaking readili , 
and analysis showed that it contained 3 per cent, of silicon. By increasing the am. iii.t 
of lime in the charge, so as to obtain a cinder in which the bws were tb the siln a .i.s 
8 is to 10, and at the same time employing a blast of the highest attainable temperature, 
the iron produced had a much greater strength. When the proportion of bases to 
silica in the cinder was as 20 is to 19, the iron contained only an iii.ippreeiahl.' ainouni 
of siUcon, and the strength was increased in the proportion of f.i to 4.> M b. n tin. 
maximnm qnantity of lime was used the consumption of fuel was on the airrage in- 
creased to the extent of 6 per cent. 

On reading the above account of the experiments of Mctirs. Janoyer and Gauthier, 
the writer of this article induced the furnace manager of the Blaina Iron Works to 
increase the yields of lime on one of his furnaces to as great an extent as in his judg- 
ment it would bear, and when the furnace was under the full influence of the excess 
of flux to forward him samples of the grey pig for analysis. The following results 
show that, contrary to the statement of MM. Janoyer and Ganlliier, no advantage, 
as regards a diminution in the amount of silicon, was hereby obtoined. the pn pi.r’ion 
of that element beiug not perceptibly altered, though there is a slight diminnin n 
observable in the percentage of sulphur. 

Grey pig, wich Grpf pig, with rtfr.t 

burden of lime. bunb-n of limo 

Sulphur - - - - 0067 - . . . (i-nd.-i 

Silicon - - - . 2-900 - . - - 2 930 

As the presence of silicon in pig-iron afiects in a remarkahlc degree the yield a' 
well as the strength of paddled bars, it is of importance that this element shniild be 
removed as effectually as possible by a refining procew before the crude iron is sub- 
mitted to the puddling prwess. Pigs with 3 per cent, of silicon give about 6 per 
cent, of silica, and this requires somewhere about 12 per cent of iron to form a cind. r 
sufficiently fluid to allow the paddled iron to become aggregated into balls; this c.m 
of course be obtained only by burning that amount of iron in the puddling furnace 
after the expulsion of the carbon, and while the mess is in a powdery slate. This 
powdery mass is composed of small granules of iron mixed up with a 'glucg inftisihle 
cinder. The puddler turns over this mass repeatedly to expose the iron to the oxidising 
influence of the furnace ; the silica now taking up sufiBcient oxide of iron to give it 
fluidity begins to separate from the iron, and forms a pool at the bottom. After some 
time the puddler, finding the mass of cindgr accnmnlating pretty fast, makes the first 
attempt to “ ball np.” In order to save as much iron as possible, be keeps the damper 
down and worlu the powdery mass at a-s low a red heat as possible. The balls, even 
when made, will not bear mnch heSt under the hammer without falling to pieces, 
hence an imperfect weld in the hammered mass and rolled bar is the resnifl and 
although the iron may be chemically pure it is deficient in ntrength. By protracting 
the process and wasting more iron, there is no doubt but that the itfun might be im- 
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proved, for the cinder would become riche^ in oxide, more fluid, and consequently 
otTer Ifss resistanee to a jK-rfect weld. Iron^on the contrary, with a small pereeniaue 
of siheon may be “ balled up ” directly it is “dried/' and the short time required for 
that operation can be conducted at the highest heat of the furnace. A good welding 
of the mass is the consequence: sach fron is strong^ and the labour of the puddkr m 
obfainine it is much less than in the former case. Every pound of silica must ha\e 
twic ■ its weight of iron to form a cinder sufficiently rich in oxide to allow ih<? 
p-in cles of iron to become propeily agglutinated. Such being the influence of 
Mlu'on on both the yield and the strength of wrought iron, and such being the waste 
attendant on its removal in the refinery, it becomes an object of much practical im- 
portance to prevent as far as possible the formation of a silicide of iron in the blast 
furnace, and the observations of MM. Janojer and Gauthier on this point require 
careful verification. 

Mtinqdnese . — The presence of this element in pig-iron does not appiear to exert 
much influence e ther for gtx>d or for bad on the quality of the metal, and even when 
it exists in quantity amounting to 4 or 5 per cent, in the crude iron, it disappears 
almost entirely during the conversion of the cast-iron into wrought or malleable. It 
h is already bei n observed that the cinder from iroi^smelted from mangaoifetfous ores 
contains, generally speaking, more sulphur than slags or cinders from iron ores con- 
taining no manganese. Wc have had numerous opportunities of confirming this, and 
have therefore on this account alone attached much importance to the existence of 
'ftianganese in iron ores; but our attention has more recently been directed to another 
point which wc think especially worth of notice of iron manufacturers, namely, to 
the almost perfect removal of phosphorus from pig-iron containing a very large pro- 
portion of that element, and at the same time a high percentage of manganese. As 
our exp<*riments on tins important point are still in progress, we shall merely here 
quote a few lu illu^tnition of the purifjing action we have alluded to. 

Iron ma<le from a highly phosphorised ore containing no manganese : — 


rhngphonu 
per cent. 

Tig .-J O.'iO 

Puddlivl bar - . o 

Rough down bar U .’»72 


The finished bar was cold short in the highest degree, it was in fact nearly worthless. 
Iron made from a highly phosphorised ore containing a large per-cenu^e of man- 
ganese. 

Phosphorut. Manganete. 


Pig - . 


- 2-60 


Puddled bar • 

• 

- 0-30 


Do, 

. 

- 0-20 

.. 

Finished bar - 

♦ 

- Oil 



• 7 20 
■ j 0-30 


The iron was carefully watched duringthe paddling process. It melted rery thin, 
and took rather more work than usual ; as soon as the boiling commenced it was very- 
violent, the metal forcing itself out of the door hole until it was checked. When it 
“ came to natnre,” as the workmen term it, it worked beautifully and stood anv amount 
of heat, in fact the heat could with difficulty be raised to the requisite di-gree. Tne 
yield was 22 cwts. 2 qrs. 24 lbs. of pig to produce one ton (of 20 cwts.) of puddled bar ; 
this is about the yield of good mine iron when properly puddled. The finished bar 
exhibited none of the cold short quality, it was exceedingly ductile, indeed excellent 
horseshoes were made from it. The puddling cinder had the following composition : 


.Silica . - - 8-240 

Protoxide of iron 70-480 

Oxide of manganese ij-goo 

Phosphoric acid - - - - . y-efio 

Sulphur 


99-n5 

Other observations ha-ve shown that highly manganiferons pig (without phias- 
phorus) is puddled with difficulty, and sometimes with considerable waste, so that the 
advantages of an alloy of manganese wonld seem to be confined to those varieties of 
crude iron into the composition of which phosphorus largely enters. 

The Conversion of Cnide or Carburised Iron info Malleable Iron. This is effected 

hy one^r more ojierations, which are necessarily of an oxidising nature, the object 
being to eliminate from the casst iron the carbon in the form of carbonic oxide gas, 
and the silicon, sulphur, phosphorus, and other foreign bodies in the form of oxidised 
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prodaetx, whicb pu« either partially or wholly into the scoritt or c.iirli-r?. Th.- pip- 
iroo » either enbjected to a pri liminary ilecarburation in the t)»iili‘..ni; tint huith, 
or ** refinery," and the operation thus eoninienced afterwards compietisl in il.t nii- 
dising air-fumace, or “ pudillirp furnace ; " or the coniplete contere.oii of the . rude 
iron is effccteti by one operation in the ptiddling furnace, by the proct ss cad- d " i- '-i np 
It is said {SlacAwfll) that, at several works abroa*l, the attempt to arrest the pr-'gress 
of decarburation in the puddling or boiling furnace at that point tn whi- h ih-- i-'O* 
version has proceeded only so far as to leave the inm in the state of st# el, < r si.fi- 
cnrburct, has been snccessfnl, and that a valuable oatnral or piiddh d steel, n- i r- ipi.r.ni; 
cementation before conversion into refined or cast steel, has luu-n the r< se.l:. 

English Method of refining. — The finery furnace is comtuiss-d t*f a tselv of hr'ek- 
vork. about 9 feet square, rising hot little above the surface of the groiuel '1 he 
hearth, the bottom of which is of millstone grit, placed in the middle, is til (i .1 d. . | ; 
it is rectangular, being in general 3 feet by 2, with its grealcsl side parallel to ih. f.i c 
of the tnyi rcs, and it is made of cast iron in four plates. t)n the side of the tui < r. s 
there is a single brick wall, on the three sides sheet iron doors are placed, to prei. nt 
the external air from cooling l(ie metal, which is almost always worked under an 
open shei or in the open air, but never in a space siirrounded by walls. The ehimm y, 
from 15 to 18 feet high, is supported upon font ctdnmns of east iron ; its linttd is 4 feet 
above the level of the hearth, in order that the labourers inny work w nh-uit rr s nnni. 
The air is supplied by the blowing cylinders which supply tin- blast fnrnar.-, and riiii;r 
the hearth through 6 tnyircs, so arranged that the current issuing from those on tin- 
opposite sides of the crucible are not disposcil in tin- same |>lane. TIies 4 - inj . r> s. hke 
those in the furnaces in which cast iron is made, arc prmidi-d with double casings, 
through which a current of cold water is constantly flowing, and each pi[><' is fiimi-lu-.l 
with a suitable stop valve for regulating the Ttdnmc of the blast. The tiiM'r.-s an- 
placed at the height of the lip of the cniciblc or hearth, and are inclined towar-ls the 
bottom, at an angle of from 25^ to 30°, so as to point upon the hath of mrlie.I no i d 
as it flows. The quantity of air blown into the fineries is considerable, being ncariv 
SOD cubic feet per minute for each finery. The ground plan of n finery is shown tit 
ii'i^.l012, A being the hearth, 5 the tapping hole, it the i-hdl moulil, anti o o a a n a the 

nozalcs of the Itiyiros. The opirai.- nof re- 
fitting crude iron is conducted ns lollows A 
fire is lit in the centre of the hearth, which is 
first urged h^ • gentle blast; a charge of pig, 
abont 2 tons, is then laid on, and the whole is 
covered up dome-form with a heap of coke : 
the full power of the blast is how turned on, 
the cast iron melts, and flowing down gradually 
collects in the crucible, more coke being added 
as the first quantity hums away. The ope- 
ration proceeds by itsi-lf, the melted nn lal 
ts not stirred about a.s in sonie nirel, - of re- 
finery, and the tenifieralure i.s alw-.-iys kept 
high enough to preserve the nn till liquid- 
During tliis stage the coals are observed con- 
tinually heaving tip, a movement due in pait 
to the action of the blast, hut in part to 
an expansion caused in the metal by the dis- 
charge of carbonic oxide gas. When all the 
pig-iron is collected at the Imttom of the hearih, 
which happens in about two hours, it is blown 
vigorously for some time longer, the tap-hole is 
op, ned, and the Jine metal runs out with the slag into the chill mould, nr pit, as it is 
called, which has been previously washed with a thi^ clay liquid, to prevent the refined 
metal from adhering to its surface. The chill mould is in a prolon, 5 ation of the 
tapping hole ; it is a heavy cast iron trough, about 10 feet long, .3 feet broad, and 2 to 
inches deep. The slag, from its inferior specific gravity, forms a crust on the 
surface of the metal ; its separation is facilitated by throwing cold water in large 
quantities on the fluid mass imniediately that the entire charge has left the refinery. 
Thi.s sudden chilling of the metal makes it exceedingly brittle, so that it can be broken 
into smaller pi^es by heavy hammers, for the subsequent operation of puddling. The 
refined metal is very white, hard,'ftnd brittle, and possesses in general a fibrous ra- 
diated texture; or sometimes a cellular, including a considerable nnmberevf small 
spherical cavities, like a decomposed amygdaloid rock. The loss of iron in the re- 
finery process is very large, varying from 10 to 20 per cent In the Welsh iron works, 
1 ton of white iron takes from Ij to 2 hours to refine, the consumption of coke being 




IRON. 


571 


from 6 to 8 cwts., and the lo«s about 3 cwts. Grey iron takes from 7 to 9 cwt*. of 
coke jper ton, the time required to reliac beingCrom 2} to 3 hours, and the loss of iron 
per ton 4 cwt. The pig-iron to be decarburised in the refinery is frequently mixed 
Miih rich silicates (ft)rge cinders), and occasionally with oxides of iron, the object 
Ik itia: to protect the nulled metal in s<Mi>e degree from the oxidising effects of the 
bList, and to react on tin* carbon which it contains. The quantity employed depends 
on the degree t«) wliich tlie pig-iron is carburised. The crude iron, from ^ hich 
wroiiglit iron of tlie best quality is produced, is that possessing a medium degree of 
carhuration. or what is generally termed grey pig-iron. White iron, which possesses 
an inferior degreeof fiuidtty to grey pig-iron, and which come'^ as it is termed more ra- 
pi Uy to nature, is that quality which is most generally employed in the manufacture 
of wrought iron, especially when the conversion is effected in tlie single operation of 
boiling in the puddling furnace: but this species of pig-iron being the result of iin- 
pirfeei re actions in smelting, ik always more impure than grey iron obtained from 
tlit‘ same material, ami does n )t prixlucc wrought iron of the best qualify. 

'riie coke emid<»i.*din the refinery should Iw as free as possible from shale, and 
«hoiild contain onl\ a low percentage of ash; it should especially be free from sul- 
phurct of irtiU, which it often contains in considerafcie quantity, as it is found that 
nearly the whole of this sulphuret enters into combination with the metal, an^ does 
not piss ofTin the slags. 

Kefmencs are sometimes worked on hot fluid iron, run direct from the hearth of 
th^ blast furnace, a considerable saving, both of time and fuel, being hereby effected. 
Various proposals have been patented for the employment of fluxes to assist in the re- 
moval of the impuritiesof cast iron, both in the refining and puddling furnaces. Thus Mr. 
Hampton patented, in 1 855, a flux, prepared by slaking quick lime with the solution of 
an alkali, or alkaline salt, MM. I>u Motay and Fontaine propose, in a patent stcnred in 
185r). to purifN and decarbonise iron in the refining and puddling furnace, by the em- 
phiymcnt of fluNcs ]>n p.in*<l from the scoria? of the puddling furnace, from oxides of iron 
and sdeMles <»r c.irhon.iti'S (»f alkali* s, or other bases Mr. Pope ( 18.5fi) proposes to add 
the rcsitiuc obtained by llio distillation of lloghoad or Torhanc initierak to such fuel is 
cinjdoyed m the refining of iron. Mr. Sandenson, of Sheffield (1855). employed for the 
refining of iron such substances as sulphate of iron, capable of disengaging oxygen 
or other elements, which will act upon the silicimn. aluminum. &c., c«mtained in the 
metal. These and various other schemes have been suggested with the object of lessening 
the enormous waste which pig-iron undergoes on itspa^-sage through the refinery ; for as 
the process is at present conducted, the partial elimination of the carbon, sulphur, phos- 
phorus, , is only efl'ectod at the expense of alarge quantity of iron, which is oxidised 
by the blast, and passes in the form of silicate into the slag ; the desideratum is the dis- 
corery of some method of reducing the oxide of iron, and substituting for it some other 
base, which will form with silica a sufficiently fusible silicate. Mr. Blackwell suggests 
that the decarbaration of pig iron might be effected by remelting it in a cupola furnace, 
either alone, or with minerals containing nearly pure oxid^ of iron ; the oxide of iron 
would be reduced by the carbon of the pig-iron, while the silicates 4f the fuel, with 
the silica, alumina, and other easily oxidisable alloys eliminated from the crude 
iron, would be separated in the form of fusible earthy glass. The employment of 
steam as a purifying agent for crude iron has been patented by several persons. Mr. 
Nasmyth in 1854 obtained a patent for the treatment of iron in the puddling furnace 
with a current of steam, which being introduced into the lower part of the iron, passes 
upwards, and meeting with the highly heated metal undergoes decomposition, both 
elements acting as purifying agents. The steam employed is at a pressure of about 5 
pounds per square inch, and passes into the metal through a species of hollow rabble, 
the workman moving this about in the fused metal until the mass begins to thicken, 
which occurs in from five to eight minutes after the introduction of the steam ; the 
steam pipe is then removed and the puddling finished as usual. 

The ^vantages are said to consist in the time saved at each heat or paddling 
operation (from ten to fifteen mintites) ; the very effective purification of the metal ; 
and the poss^ility of treating highly carbonised pig-iron at once in the puddling 
furnace, the preliminary refining being thus avoided. In October 1855, Mr. Bessemer 
patented a somewhat similar process for the conversion of iron into steel, the steam 
highly heated, or a mixture of air and steam, being forced through the liquid iron 
run from the furnace into skittle pots, steam hping used only at an early stage of the 
process, and the treatment finished with heated air. In the early part of the same year 
Mr, Martien of New Jersey obtained a patent for a partial purification of crude iron, 
by causing air or steam to pass up through the liqffid metal, as it flows along gutters 
from the^op bole of the furnace or finery forge; and he subsequently proposed to include 
with the air or steam, other purifying agents, such as chlorine, hydrogen, and coal gas, 
oxides of manganese, and zinc, &jc. Other methods of treating crude iron with air and 
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steam were made the subjects o? patents by Mr. Bessemer in rX’CeniN r l »..I J in.ia- v 

tfi56. In Ocloberapatent for theempbyiiient of steam in admixture .Uas! i.i 

the smelting furnace and fining forge, was obtained by Messrs, .\riniiase an i lap "t 
Leeds, and in Angust apatent was obtained by Mr. Cwrge Barry, of the l.M.w \ a.e Iron 
■Works, lor the purification of iron by means of highly heated steam. 1 If tlui.l iron 
is allowed to run into a reverN ratory furnace previously heatsd. and the so am is 
made to impinge apon it from severul tu)« rt% or to tlirouph the nu u! . tft- is 
to be obtaine^t by treating highly carfmreile<i iron with the steam, and then runn.ug 
it into water, and fusing it with the addition of piinfhing agents, or adding to it in 
the furnace a sinall quantity of clay, and afterwanU a>»t>ul lo or lo per tvnt. . f rah .n-d 
spathose ore. Mr. Parry obaerving that when steam was sent ihrougli tlir moU,n 
iron, aa in Mr. Nasmyth's process* the iron quickly soIidifiiHl, conceived the pK.t »f 
communicating a high degree of heat to the steam hy raising the steam pi|>e a ctm|4e 
of inches above the surface of the metol, so that it might be exposed t<» the intent. .> 
heated atmosphere of the furnace ; and also of incUniog the jci at an angle of 4 . m> 
as to give the molten mass a motion round the furnace while the pipe was niaint.mud 
in the same position at a little distance beyond the centre : when this was done, in a 
few minutes the iron began to boil violently, the rotatory motion of the fluid bringing 
every^art of it successively into contact with the highly heated mixture of steam and 
atmospheric sdr, and no solidification taking place. IliivinK thus ascertained the pro- 
per way of using steam as a refining agent, it oocurrefl to Mr, Parry liiat, a- the pre- 
sence of silicon in the pigs for puddling affects in a reinarkuble degree the y leld of 
iron, as well as its strength, it is a matter of consequence that this element should W 
removed as completely as possible previous to the puddling operation ; the .^teaming 
of the iron would probably therefore be more profitably applied in the refinery than m 
the puddling furnace. Pig iron containing 3 per cent, of silicon gives 6 per cent, of 
silica, which, to form a cinder sufficiently fluid to allow the balling up of the iron, 
would require from 10 to 12 percent, of iron ; and this can, of course, only iw ohiain» 'l 
hy burning that amount of iron in the puddling furnace, after the expulsion of the 
carbon, and while the mass is in a powdery state. The superheated steam is iujeett d 
on the surface of the iron in the refinery by water tuyeres, similar to those umhI fi r 
hot blast at smelting furnaces ; they are inclined at an angle of aliout 4 .*» ; .^ome are 
inserted^at each side of tbe door of the furnace, und arc pointed so as to er<*'«s each 
other, and give the iron a circulating motion in the furnace. The tuyeres are from 
g to } au inch in diameter ; a little oxide of iron or silicate in a state of fusion on the 
surface of the iron accelerates the action, as in common reflueriet, and increases the 
yield of metal, but to a much greater extent tbau when blasts of air are used. The 
steam having been turned on, tbe mass of iron commences circulating around the in* 
dined tuyeres, and soon begins to boil, and the action is kept uniform by regu- 
lating the flow of the steam. The most impure oxides of iron may be used in this 
process, such as tap cinder or hammer slag from puddling fumace.s, without injury to 
the quality of the refined metal made ; tbe large quantities of sulphur and phosphonis 
which they contain being effectually remo\'ed by the detergent action of the luat'd 
steam. When 4 cwt. of cinders are used to the ton of pig, 20 c^t. of nx fal may Ih; 
drawn, the impurities in the pig being replaced by refined iron from the c.nders. 

We have had several opporiunitu»sof witnessing this beautiful refining process at the 
Ebbw Vale Iron Works, and have made the following analysis of the cinders and 
metal which fully bear out the above statements : — 

Pig iron. Ri-finpd metal. 


Graphite - 

- 

* 2*40 - 

- 0-30 

Silicon 


- 2 68 - 

- 0*32 

SlaK - 

- 

- 0-68 - 

- 000 

Sulphur 

- 

- 0-22 - 

- 018 

Phosphorus 

- 

- 013 - 

- 0-09 

3iiiDganese - 

- 

- 0-86 - 

- 0-24 



Forge cini^crs thrown 

Cmdpr run onl of 



into the refinery. 

the rtyiopry. 

.Sulphur 

- 

- 1-34 - 

- 0-lfi 

Phosphoric acid 

- 

- 2-06 - 

- 0-129 


A ton of grey iron may be refined by steam in half an hoar, using seven jets “f 
steam | of an inch in diameter, and with a pressure of from 30 to 4011^ ; the tera* 
perature of the steam being from 600° to 700° F., the orifices of the tuyeres being 
2 or 3 inches above the surface ^f the iron. As the fluidity of the metal depends 
upon the heat which it is receiving from the combustion of the fuel in the grate, and not 
on any generated in it by the action of tbe steam, it is evident that the supply oAhe latter 
in a given time must not exceed a certain limit, or tbe temperature of the fluid iron 
will become reduced below that of the furnace. This however partly regulates itself. 
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and does not require mnch nicety in the management, for, if too much steam be 
given, the ebullition becomes so violent, as #o cause the cinders to fiow over the 
bridges, giving notice to the refiner to slack his blast. The “forge cinders ’ used in 
the steam refinery contain 66 per cent, of iron^ the “ run out’’ cinder contains only 
2»'> ; 41) per cent, of iron, or thereabouts, have therefore been converted into refined 
iiH tal, and the resulting cinder is as pure as the ordinary Welsh mine, -with its vield 
of 25 per cent of iron. The following is the result of one week’s work of the steam 


PijTS used 





cwt. qrt. lbs. 
396 0 15 

HeUl made 

. 

. 

- 

- 

393 3 1 

loss 

- 

- 

- 

- 

2 1 14 

Yield - 


. 

- 


20 0 14 


The quantity of cinder (puddling) used was cwt. per ton of pig. W’hen 1 J cwt. 
of cinders were used to 1 ton of pig, the yield was invariably 20 cwt. over a make of 
about 100 tons. 


Befinutg hy^as ( German — The most simple form of gas reverberatory 

furnace is that known at Eck't furnace, which is employed at the government works 
(’f Gleiwitz and Konigshiitte, for refining iron made on the spot. The fofiowing 
description and plan of this furnace ts extracted from a report to the secretary of 
state for war, from the superintendent of the Royal Gun factories. Colonel Wilmot, 
R.^A , and the chemist of the War Department. Professor Abel. 

The gas generator (which replaces the fire*place of the ordinary reverberatory 
furnace) is an oblong chamber, the width of which is 3 feet 9 inches, and the height 


from the sole to the commencement of the sloping bridge 6 
feet 4 inches. It tapers slightly towards the top, so as to faci- 
litate the descent of (he fuel, wluch is introduced through a late- 
ral opening near the t(‘p ot the generator. Its cubical contents 
are al-Muit 44 feet. 

The air necessary f<»r the production of the gas is supplied by 
a feeble blast, and enters the generator from the two openings 
or tuyeres of a long air chest of iron plate {fiys. 1013, 1014, loi 5) 
fixed at the back of the chamber, near theltoitmn. The space 
between the air chest and the s<de of the chambers serves as 
a receptahle for the slag and ash from the fuel. There are open- 
ings on the other side of the chamber, opposite the tuyeres, 
which are generally closed by iron plugs, but are required 
when the tu\ eros have to be cleaned out. There is an opening 
below the air-chest, through which fire is introduced into 
the chamljer, when the furnace is set to work, and which is 
then bricked up, until at the expiration of about 14 days it be- 
comes necessary to let the fire die out, when the slag and 
ash which have accumulated on the sole of the chamber are 



removed through this opening. 

The hearth of the furnace is constructed of a somewhat loamy sand ; its general 
thickness is about 6 inches, its form is that of a shallow dish, with a slight incline 
towards the tap hole ; the iron is prevented from penetrating through the hearth by 
the rapid circulation of cold air below the fire-bridge and the plate of the hearth. 

Figs 1016 and 1017, represent the upper oblong air-chest provided with a series of 
tuyeres, which enter the top of the furnace just over the fire-bridge at an angle 
of 3U®. The air forced into the furnace through these tuj ores 1016 

serves to inflame and burn the gases rushing <*ut of the gene- 
rator, and the direction of the blast throws the resulting flame 
down upon the metal on the hearth, in front of the bridge. 

This air-chest communicates, like the other one, by pipes, 
with the air accumulator of the neighbouring blast furnace. 

The amount'^of pressure employed is about 4 lbs. ; but the 
supply of air, both to the generator and the inflammable gases, 
admits of accurate regulation by means of valves in the con- 
necting pipes. There is an opening in the arch at both sides |f )|7 
of the furnace, not far from the bridge, into w4iich,at a certain 
stage of the operations tuyeres are introduced (being placed at 
an angle of 25^^) also connected with the blast ajgiaratus and 
providejJ with regulating valves. 

The refining process is conducted as follows The hearth of the furnace having 
been constructed or repaired, a brisk coal-fire is kindled in the generator, throngh 
the opening at the bottom, which is afterwards bricked up. About 20 cubit feet of 
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coals are then introduced from above, and iW nccetaary to 

the eenenuor through the lower air clo.t. ^^hen ihcK cwU hare lx. n ibon uchir 
ignited, the generator is tilled with c<aU, and a very moderate .ut-r-ir °f ad.e.n.d 
£nngh the lojeres below (.for the generation of the ga»), and those over loe bn ge. 



T.on^Midinal Section. 


(for its comhustiott,) until the furnace is dried, when the supply of air at both ploew 
is increased, so as to raiss the hearth to the temperature necessary for baking it 
thoroughly, upon which, about 40 cwt. of iron ar* introduced ; the ^log dis- 

tributed over the whole hearth as uniformly as possible, and the sia® of the piecei 


V «. With the view to expose as much surfoce as jiossibie to the came. 

rLX:ToUleV.rg. "f mc-ml iu about three hours, the coal ..ed 

amounting to about 3j cubic feet per hoar. The gas generator is always kept filled 





m 





Cross section at c, d, on Plan. 

with coal, and the supply of air admitted from helow is diminished by a 

of the valve, whenever fresh coal is supplied, as the latter, at first, always yie s ^ 

more freely. The arrangement of the upper row of tuyeres effects the com 
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of leases just as they pass from the generator on to the hearth. The hoitt'nt portion tf 
the furnace ia of course near the fire~hrrtge, i. e. where the t»l.a.et firet nn-eU with the 
gases. Ihuring the melting grtaess the iron is shifted oecasionally. so that the cooler 
portion near the flue may in its turn iH-come melte'd without h^s of t ine. When 
the iron is ascertained to be throughly fused, abemt .'i Uis of crusted Ittiu-stone are 
thrown oeer’its surface for the purpose of converting the dri*ss which has se'paratc'I 
into fusible slag. The two side tuyeres are now introductHl into the furnaces through 
the openings above alluded to, the width of the nozzle employed depend^g u|on the 
power of the blast used. The air rushing from these tuyeres impinges with vinhnre 
upt'n the iron, and the two currenu meeting an eddying motion is inip.arted to the 
fused metaL la a short time the motion produced in the mass is eonsideruhle ; tlic 
supernatant slag ia blown aside by the blast, and the surface of the iron tliiii expos* d 
undergoes refinement, while it changes continually, the temperature of the whole 
m.nss being raised to a full white heal, by the action of the air. The iron is siirr* *! 
occusionally, m order to insure a proper change in the metal expoeed to the action of 
the blast A shorelful of limestone it occasionally thrown in (the total quantity 
used being about I per cent of the crude-iron employed). The tltg produced is ei- 
ceedinglr fusible, and ia allowed^lo remain in the fnmace until the metal ia tapped, 
and on cooling it separatea Mib it completely. 

The duration of the treatment in this fnmace after the metal is fn.sed, varies from 
two hoora and a half to five honra, according to the product to tic uhi.nmril. Kor 
the preparation of perfectly white iron, the treatment is carried on for five hours. A 
sample is tapped to examine ita appearance, when it is believed to Ik- siiffielently 
treated. 

■When the charge U to be withdrawn from the furnace, the side tiiyi re nearest the 
tapfaole is withdrawn, so that the blast from the opposite tuyere may’ force the imial 
towards the hole. The fluid iron, as it flows from the tapliole is tiifiy white hot, atul 
perfectly limpid; it chills, however, very rapidly, and soon aolidifies. A few pans 
of water are thrown upon those portions of the metal which are not covered with ilie 
slag, which flows out of the furnace, the object being to cool it rapidly, and thiin 
prevent the oxidation of any quantity of iron. The loss of metal during the treat- 
ment ia said not to exceed 5 per cent. 

With regard to the purification which the iron undergoes in the gas reverlieraliirv 
fiimaee, it appears to be confined chiefly to the elimination of carbon and silieiuin, 
the amoant of sulphur and phosphoms undergoing but little alteration, as appears from 
the following analysis (^Abel) : — 


Siliciam - 
Phosphorus 
Sulphur 


Fig iron. 
4-66 
0-56 
0-04 


ReSned Iroo* 

0-62 
0-50 
(J 03 


Nevertheless the iron thus refined is highly esteemed for all casting.' which are 
required to possess unusual powers of resistance ; some expcriim-iits made to ,isc, ri i:ii 
the comparative strain borne by the refined metal, and the same metal as obtained In ni 
the blast furnace, showed the strength of the former to be greater by one half than 
that of the latter. 

The operation of puddling.— \a the year 1783 and 1784, Mr. Henn Tort of Gosport 
obtained two patents, one for the puddling, and the other for the rolling of iron, ‘-dis- 
coveries,” says Mr. Scrivenor, “of so much importance in the inanufaetiire, that it 
most be considered the era from which wc may date the present extensire and 
flourishing state of the iron trade of this country.” 

The object of Mr. Cort’s processes was to convert into malleable iron, cast or pig 
iron, by means of the flame of pit-coal in a common air furnace, and to form the re- 
sult into bar by the use of rollers in the place of hammers. The process was ma- 
naged in the following manner: — “The pigs of cast iron produced by- the smelting 
furnace are broken into pieces, and are mixed in suCh proportions according to their 
degree of carbonisation, that the result of the whole shall be a grey metal. The 
mixture is then speedily run into a blast furnace, where it remains a sufficient time to 
allow the greater part of the scoritn to rise to the surface. The furnace is now 
tapped, and the metal runs into moulds of sand, by which it is formed into pigs, about 
half the size of those which are broken into pieces. A common reverberatory fur- 
nace heated by coal is now charged with about cwL of this half refined grey iron. 
In a little more than half an houp. the metal will be found to be nearly melted ; 
at this period the flame is turned off, a little wafer is sprinkled over it, and a wcwkman, 
hy introducing an iron bar through a hole in the side of the furnace, begins to stir 
t!ie half fluid mass, and divide it into small pieces. In the course of about 50 minutes 
from the commencement of the process, the iron will have been reduced by constant 
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stirring to the consistence of small gravel, and will be considerably cooled- The 
dame is then turned on again, the workmen ^ntinuing to stir the metal, and in three 
minutes’ time the whole m:is> becomes soft and semifluid, upon which the dame is 
then turned otT. The hoUest part of the iron now begins to bea\e and swell, and 
omit a deep lambent blue flame, which appearance is called /enuciitativn ; the heaving 
motion and accompans ing flame soon spread over the whole, and the heal of the 
metal seems to he ratrier increased than diminished for the next quarter of an hour; 
after this j)erii>d the temperature again falls, the blue flame is less vigorou*:. and iu a 
little more than a ijuarter of an hour the metal is co<d<d to a dull red. and the jets of 
flame are rare and faint. During the whole of the fermentation the stiinng is con- 
tinued, by which the iron is at length brought to the consistency of sand ; it also 
approaches nearer to the malleable state, and in consequence adheres less than at 
first to the tool with which it is stirred, hunng the next half hour the flame is turned 
otf and on several times, a '*trongrr fermentation takes place, the lambent flame also 
becomes of a clearer and Iteliter blue ; the metal begins to clot, and becomes much 
less fusible and more t<‘riaei<ni', than at first. The fermentation then by degrees sub- 
sides ; tlie emi^Mon of blue flame nearly ceases; the iron is gathered into lumps and 
beaten witli a liea\ \ -headed tool. Finally, the tooli are witlidrawn, the apertures 
through which tliey were worked are closed, and the name is again turned onin full 
f'>rce for six or eight minutes. The pieces being thus brought to a high welding 
heat are withdrawn and shingled ; after this they are again heated and pas'^ed 
through grooved rollers, by which thescori® are separated, and the bars thus forcibly 
coiTipressed acquire a high degree of tenacity.** Hut this mode of refining did not 
produce altogether the desired result. It was irregular ; sometimes the loss of iron 
wa.s small, but at others it was \ery considerable, and there were great variations in 
the quality of the iron, as well as in the quantity of fuel consumed. These difficulties 
were, however, renun ed by the introduelum of the coke finery by the late Mr. Samuel 
Homfray, of Pen>darran. upon which the puddling and balling lurnaces came imme- 
diately into gctieral use. with the a<l<lition of rolleus in lieu of hammers. 

Mr. Con’s fust jntent, w inch is for “ rollinir,*’ is dated JTth .laiuiary, 17S3; his 
second, th, It for “ puddling,” IS dated 13th February, 1784. It, has been attempted, 
tliomjh we think very unjustly, to detract from Cort’s merits as an original inventor, 
hy referring to tlie patents of Jolm Payne, and Peter Onions, dated respective'y 21st 
November, 1728, and 7th May, 1783. Tlie first wa« to a certain extent, undoubtedly, 
a patent for “ jolling ; ” for the bars rendered malleable by a process indicated, are 
“ to piiAS hetween the laruc iru tall roulcrs irhich hare proper notches or furrou-s upon 
their surface but there is no proof that any practical use wa.s made of Payne's pro- 
cess, while that of Cort was almost immediately and univursally adopted : it may be 
true therefore that Cort was the rediscot'crer and not the actual discoverer of the 
process of rolling, but this in no way detracts from his merit, inasmuch as by his im- 
provements, he was enabled to make available that which was previously useless. 
The same observation applies to the patent of Onions, which to a certain extent anti- 
cipated that of Cort for paddling. Ouious employed two fuinaces — a common smelt- 
ing furnace, and a furnace of stone and brick, bound with iron work and well annealed, 
into which the fluid metal was received from the smelting furnace. When the liquid 
metal had been introduced into the second furnace by an aperture, it was closed up 
and subjected to the heat of fuel and blast frum below, until the metal became 
less fluid, and thickened into a kind of paste ; this the workman by opening a door 
turns and stirs with a bar of iron, and then closes the aperture again, after which 
blast and fire is applied until there is a ferment m the metal ; the adherent particles of 
iron are collected into a mass, relieated to a white heat, and forged into malleable iron. 
That the procees of puddling is here indicated tliere can be no doubt, but the actual 
operation was impracticable until Henry Cort invented the furnace in which it could 
be conducted. 

Neither Mr. Cort nor his family appear to have derived much ady^tage from his 
important discoveries — discoveries wljich changed us at once from dependent importers 
of iron into vasj^ exporters to every country of the world, and which may be considered 
to have founded the iron industry of Great Britain. So long ago as 1811, the chief 
representatives of the trade assembled at Gloucester unanimously acknowledged their 
indebtedness to Mr. Cort for the improvements of which he was the author, and this 
acknowledgment has been repeated within the lasyweivcmonths by liohert Stephenson^ 
Fairbairn, Maiulslaijand Fields Ciibittf Fcndel, Sir Charles Fox, Bidder, C/afcskay, 
Bailey, and many others. In working out his inventions, Cort is said to have expended 
a fortune of 20 , 000 /., and when his patents were conspleted, the leading iron masters 
of the country contracted to pay him 10s. a ton for their use, so that he would not 
only have been repaid, but munificently rewarded, had he not unfortunately connected 
himself with a man named Adam Sellicoe, chief clerk of the Navy Pay Office, who 
VoL. II. P P 
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proving to be adefiiaher, commitUnl taicidv, having preTtooAlr d«^*rr>y»Hl the patrn*t 
ind tb« agreements with ironmaitt-n b<'h>ogmg t» bts parto* r. H<-Rr> I pon 

the death of Selliroe. the prenn^.-*, 'it^w'k. and etiiire rflWts <»f (* .ft wrfr *.44 hy a 
summary pntce'M obtauu'U by the Navy Pay < >ffico. and the unfortunate man was thus 
completely ru»n«*<.i. 

The pufldltm^ /urnare is nf ih»‘ revi rWrafory fTm. It i»K-*u!>4 generally with jroo. 
as represented in the side lo2t. by ni'-aus «>f horiS*>nlat and vcrt.cal liars. 



which arc joined togctlor and fi\.d hy w.dg«s. to pn ih* m from starring 
a.sunder. Very frequently. ind»»d, the n rh^ r.»t«iry furnar* ^ an antud with ra*t 
iron plates over their wh de surface- l lu'^e are relatiU ‘1 hy upright Inr* «»f ra%t iron 
applied to the side w.ills, and hy honxoiual hirs of iron. plar«it arroM the arch or 
roof. The furnace itself is dtruled interiorly into tliree parts . the ftr^phirr, the 
AeurM, and thej^ac. The JirppUtcr varies from to 4^ feet long, hy from 2 feet « 
inches to 3 feel 4 inches wide. The door*way, hy which the coke is rharged. it 
8 inches square, and i.s bevelled off toward^ the oulsid** (»f the furnace. This <q*eri!ng 
consists entirely of cast iron, and has a quantity of coal gathered round it. Tbs? Iwrt 
of the fire grate arc movable, to admit of niorc r»*.adjly rieanni: them from ashes. 

Fit/, 1025 is a longitudixiaUection refernng to the clc\alion,>^. lo.'4, and Jjg, 1026 



is a ground plan. Win n the furnace is a single one, a square hole is left in the side 
of the fireplace oppo'-iti* to tlie d(*or, through which the rakes are introduced, in 
order to be heated. 

a is the fire-door; A, the grate ;.,r. the fire-bridge; f/f/. cast iron hearth -plates, 
resting upon cast iron beams ec, which arc bolted upon both sidt# to the cait iron 
binding plates of the furnace, ./ is the hearth covered with cinders or sand ; g, i» the 
main working door, which nia< Ik* openctl and shut hy means of a lever and chain 
to move it up and down. In this large d<xjr there is a hole 5 inches sqnm, through 
which the iron may he worked with the paddles or rakes ; it may also be clewed air- 
tc^ght. There is a second working door /i, near the flue, for introducing the cast iron. 
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Fo that it may soften slowly, till it he ready for drawing tow ards the bridge. is the 
clninney, from .'to to oo ft-et high, which n^c^es commonly the flues of two furnaces, 
each jirovicletl m iih a dainju r ]»late or regwfrr. Fig. 
lt>2r, shows i)u* mam danifHT for the top of the com- 
iiion chimiii-N, which m:i\ he njH‘iu*d or shut to any 
«*itrrefh\ imaiwof the Icn er and chain, k.fig. 1025, 

IS the ivip cr h**ie tor running off the slag or 
cm-icr 

Tiic •'olc i-s somt times made of bricks, somelimi-s 
of < . 1 st iron In the first case it is comp«>sed of firc- 
hr.i ks sol on edge, forming a species of flat •vault. It 
ri si.s immediately on a body of hru k work • tin r scad 
i>r archiHl below. \\ lu-n it is maih of cast k4)!j. wlinii 
is now beginning to In- t!;»* L'lm r.d ]**.'.ctscc. it m.’.y 
be made eiihi. r ot <i:n* ]>;■ ' . c.r «»f r:d. It is c<»tnmon1y in a single piece, which, 
h«>M»\cr, cau-«s t!**' m «»n\. nnT.ee of r.constructing the fcmace entirely when the 
Koh in to h. . liaiiL’. «1. hi tills rase it is a little hollow, as is showm in the preceding 
v.rtu il s( cl, nil . hut if It coi.S'St-s of several pieces, it ^ usuallv made flat 

'Idle hiarths t>f last ir^in rest upon cast iron piibrs. to the number of four or five; 
whicli are siiji|«>|-ti>d on jwdestals of cast iron placed on lajge blocks of stone. Such an 
arrangement is shown in the fii^tire, w h«Te also the s«piAre hole a.jiq. 1025. for heatinff 
tli^’ r.ike irons, may be ohserve<l. 'I'lio length of the hearth is usually 6 feet; and its 
bri'adth varied from one part to another. Its greatest hreadth. which is opposite the 
d'Mir, is 4 feet In the furnace, whose horizontal plan is given alvove. and which pro- 
duces goevd results, the sole exhibits in this part a spi'i les of ear, which enters into 
the nu'uth of the door At its origin towards the finplace.it is 2 feet !(» inches 
wide, from the tire it is s» p.irated, moreover, by a low wall i»f bricks ( the fire bridge > 
lit inches thuk, and fnim inches to .5 hiirli. At the other cxtreniit> its breadth is 
2 teet. The cm \ .tt ui' j re'..'nt. d b\ tlie snh s of the s(de nr licarth is not symmetrical; 
forsometinns it leakes an advnmN-ment. as is ohserv.ible in the plan. At the ex- 
treinit) of tile S'd,* furthest irom the fire, there is a low rising in the bricks of 2A 
inehi s, raih’d the altar, for preventing the im-tnl from running out at \h>' Itolr 

when it begins to fuse. Ue\ oinl this shelf the sole terminates m an inclined plane, 
which leails to orouilet <*f the sl.ur fii-m flu* furnace, d'his is a little 

belou the lev 1 1 of the .soK . an *• hoil.'Wi d out of the b.isoinent «'f the chimney. The 
slag is jirevented from coiictt t-ug lu re. h\ tlie fl.nne heing made to pass over it, in its 
•way to the sunk e*i»r\ <'f the ciruinev ; and there is also a plate of cast iron near 
this opt tune -in whi ii a moder.ite fire is kept up to preservt' tlie fluidity of the scori®, 
and to hum the gases that escape from the furnace, as also to quicken the draught, 
and to ktep the remote end of the furnace warm. On the top of this iron plate, and 
at the b*)ttoni of the inclined plane, the cinder accumulates in a small cavity, whence 
it afterwards flows away ; whenever it tends to congeal, the workman must clear it 
out with his rake. 

The door is a cast iron frame filled up inside with fire-bricks ; through a small hole 
in its bottom the workmen can observe the state of tbe furnace. This hole is at other 
times shut with a stopper. The chimney has an area of from 14 to 16 inches. 

The heartli stands 3 feet alxive the ground. Its arched roof, only one brick thick, 
raised 2 feet above the fire bridge, and above the level of the sole, taken at tlie 
iniihlie of the furnace. At its extn'ine point near the cliimncy, its elevation is onlv 
8 incheH , find the same li'-ight !*• en on to the opening of the chimney. The sole is 
covrn*d with a bi\er t»f ]*onnded ciinbrs from previous workings mixed with 

mill ein-krs ; fiiniierlv th.* )»o(f>n*s were of san«M>y which great loss of iron was oc- 
cavit.ned, and the im tal obfaiui d of inlerior quality. 

The fine metui obtained by the coke is puil'lhdhy a continuous operation, which 
calls for much eare and skill on the part of the workmen. To charge the puddling 
furnace, pieces of fine metat are successively introduced with a shorel, and laid one 
over another cm the sides of the hearth, in the form of piles rising to the roof ; the 
middle being left open for puddling the metal, as it is successively ftised. Indeed, the 
whole are kept as far separate as possible, to give free circulation to the air round the 
piles. The working door of the furnace is now closed, fuel is laid on the grate, and 
the month of the fireplace, as well a.s the side owning of the grate, are both filled up 
with coal, at the same time that the damper is entirely opened. 

The fine metal in al>out twenty minutes comes to a white-red heat, and its thin 
edged fragments begin to melt and fall in drops on ihe sole of the furnace. At this 
pc'nod the^workman opens the small hole of the furnace door, detaches with a rake 
the pieces of fine metal that begin to melt, tries to expose new surfaces to the action 
of the heat, and in order to prevent the metal from running together as it softens, he 
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removes it from the vicinity of the fire brnijce. Wlien the whol.- nf tie fim- in tji has 
thus got reduced to a past) comlition, l.rt nui't 111* I r th.- t™i|-. ratiir.- .f li.c- furnace 
to prevent it from Ixcoining more tin. 1. lie lion »ork» at«.ui with ii;» [ a Mle the 
clotty metal which swei!-. cip, . vti lnti-.: a k.mi ..1 I. rm. utai.or, as .ni. ■! h) the 

discharge of carbonic ojel.., hnrmiiir w .11 a bin.- t'am.- as if ihc laiiiwcr. entire. 
The metal becomes finer b) iie.;r. s an.l 1..... fn- 1.1.-. ..r, in ibe lansnace ..f tb.- work- 
men, it begins to f/ry. The flisen-rairt im nt of larlsoi.e ov nle diminisii, s aid s sm 
stops. The workman contimi. s meanubile to |.n ; if. ih. m, mI tiil tb.- w b..!. cb irge 
is reduced to the state of mcobereiit s in 1 . ihe r. g.s . r is tlien |>r..cri ssr. , .i ,.|s i,id 
With the return of he.rt the p.irtiel. s of metal l.-g.ii t.. jit-lutii at.-. ih- .birg 
comes more ditficiilt to ruse, or, m the labourers I legii.n;.-, it ir. iis A,,.,. I be 
refill. ng is now finished, and nothing remains hut to gath.-r the iron int.i t uiis. The 
pud.Uer with his paddle takes now a little lump of ineUil as a nueb us, an.l in.ik.» it 
roll .iNiiit on the surface of the furnace, so as to colhstt more mi-tal, and form a bail 
of alxiut 60 or 70 lbs, weight. With a kind of rake called in England a ./.Tv. and 
which he h.-ats beforehand, the workman Sett this ball on that side of the furnace 
most evposs‘d to the action of the heat in order to unite its different particle*, whn h 
be then seiueescs together to fogee out the scorim. When all the halls are fashioind, 
&c small opening of the working door is closed witli hnck to cause the heat to ris<., 
UHt to faciliute the welding. Each ball is then lift. d out either with the |..ncs. 
ifronghing rollers are to be used, as in Wales, or with an in.ii ro.1 w. |.b d to ih.- lump 
as a handle, if the hammer is to lx- employed, as in Stalfonl-hiie Ii is ns. nil to in- 
troduce a fresh charge when the portion iiii.l. r operation has ariii.-.l at ih, p.isty con- 
dition : when this is done, the enure pr<x-es.s is elfeeteil iii about I \ In nr. 

The charge for each operation is from 4 cwts. to 4;' cwts. of >1611.11 metal, an.l 
sometimes the cuttings of bar ends are introduced, which are pinldlul apart. The l..*s 
of iron is here very variable, according to the degree of skill in the workman, who by 
negligence may suffer a considerable Ixxly of iron to scorify or to flow into the 
hearth and raise the bottom. Taking the average of 65 furnaces for 22 years’ work- 
ing Mr. Truran finds th(. consumption of rcline.l metal to produce one Ion of ptiddic 
bars to he 21 cwt. 1 qr. 2il lbs. The consiiiiipliiin nf coal is likewise subjiiet to varia- 
tion. \\ ith coal of g.xxl quality, and suil.ible f,.r reicrhernl.,rv funmees, the t,.n of 
puddled bars is pnxluced with a consumption of from 12 to l.’i’cwi. . bin, if tb,. coal 
bo of the anthracitic character, from lb cw|. to 1 ton will be required. .Vboiu five 
puddling furnaces are required for the service of one smelting furnace and one refi- 
nery. Each furnace, with good workmen, turns out sboot 23 tons of puddled bars 
weekly. 

The cast iron bottom and sides of the puddling furnace are kept cool by currents of 
air, or, in those portions exposed to the greatest heat, by water. The cinders of the 
charcoal finery are much esteemed for lining the Ixittoiii. When melted into one 
uniform mass, with the addition ol oxide of iron, these scmiat form a bottom offering 
great resistance to the action of the melted inctal. 

Various patents have been taken out within the lust four or five years for the em- 
ployment of chemical agents to assist in the purification of iron in the pu.i.il.ng 
furnace : some of these have already been alluded to. t)nc nf tlie lat, st is that of 
M. Charles Paiivert of Chatellerault, who proposes to employ a cement composed of 
the lollowing substances ; - — oxide of iron, 14 parts; highly aluminous clav, .30 parts; 
carbonate of potash, 1 part ; carbonate of soda, 1 part. The iron is to K-'plari-d with 
tile cement in layers, and heated in the furnace in the ordin.ary manner. After ce- 
mentation It is welded, and then drawn into bars ; it is stated to become thiiB as soft 
and tenacious as iron made from charcoal. Schafhumlt’s compound, for which a 
patent was secured in 1835, is said by Overmann to furnish very satisfactory results, 
and where competent workmen are employed, a good furnace is said to make a heat in 
two hours, producing neither too much nor too little cinder in the furnace. The com- 
p iimd consists of common salt, parts ; oxide of manganese, .3 parts ; fine white plastic 
clay, 2 parts. The pig is heated as in common operations. It is melted down by a 
rapid heat, the damper is closed, and the cinder and metal diligently stirred. In the 
meantime the above mixture, in siu.dl parcels of about half a pound' is introduced in 
the proport^ion of one p. r cnt. of the iron employed ; if, after this, the cinder does 
not rise, a hammer slag /rolling mill cinder) may be applied. 

The " lioihnp" prnea.s. — hi this operation, which was the invention of Mr. Joseph 
Hall, pig iron is converted into malUaWe iron without the intervention of the refinery, 
and w ithout any excessive wasl.’ : it is, therefore, of great value, especially as it 
allow s ot the use of better quair.ies of pig iron than those usually employed. The 
construction of the “boiling ” furnace docs not materially diller from )iat of the 
“ pu Idling furnace, except in the depth of the hearth, that is, iu the distance from 
the w'ork j.latc below the door to the bottom plate, -which, in the former, is double, or 
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nearly 60 , that of the latter. In the puddling; furnace the distance between the bottom 
and top seldom oxeeed-i tueiUN inehts whiji^ jn tlie boiling furnace it varies from 
twenty to thirty. In }uohVtu>} the furnace is cliarg^ni with ruclal alone, hut in boiling 
ctndcr 1 !. charged along \Mtli the metal, and the temperature rises much higher. The 
bottom of tlie furii.iee c*i\ered with broken cinders from previous workings, or 
with tlie tap cinder from the puddling furnace, which has been subjected to a process 
of ealoinalion in kilns ; this material, which constitutes an admirable protection to the 
iron plat! s of the furnace, is called by the workmen “bull dog ; ” its preparation was 
patented b\ Mr. Ilali in 1839. It is made in the following manner: the lap cinder 
from the puddling furnace is placed in layers in a kiln, and so arranged that a 
draught '*hall pass through from the fire holes on one “iide t<i those on the other; the 
kiln is filled up to the lop with broken cimb rs, ami o^er the whole is laid a layer of 
coke ; about the third or fourth day. the more fusible part of the cinder begins run 
out of the lK)ttom hole-^. h-n\ ing m th.- kiln a fine rich porous silicate of iron, which is 
the substance iistd for lining the bmiing furnace, the fluid portion being rejected. 
In s or 10 lioiirs tie* •* hull ri' »g " is melted by ilu* intense heat of the furnace, covering 
the bottom, and tilling up all the interstices in the brickwork ; the heat is now some- 
w hat hiwiTi d by diminislnntr the draught, and (he chafgc of pig (from 3^ to 4^cwts ) 
introdiu’otl in fragment'^ of a convenient and uniform size, togctiier with 3i) or 40 lbs. 
of ( imler ; the doors of the furnace are now closed, and all access of cold atmospheric 
air pn'vented, throwing fine cimler or hammer slag round the cri-vici s. and stop^ung 
u;;^the work hole with a piece of eoal. In about a quarter of an hour the iron begins 
to get red-hot; the workman theij shifts the pieces so as to bring the whole to a state 
of uniformity as regards heat. In ab*mr half an hour the iron begins to melt ; it is 
constantly turned over, and at inters als of a few minutes cinder is thrown in; the sur- 
face of the mass is sc n to be covered with a blue flame; it soon begins to rise ; a kind 
of fermentation takes place heiu'ath the .surface, and the mass, at first but 2 inches 
high, rises to a hci^lil of lo <ir Ti niches, and enters into violent ebullition. During 
the time tliat this “ fi rmentation ” is taking place, con‘'taiU stirring is rtipiired to pre- 
vent tlie iron from settling on the bottom. The hodnuj lasts about a quarter of an 
hour; after wliicli tlie cimbr gradually sinks, and the iron ay'perirs in the form of 
porous spongy massi-s of irregular size, which are constantly stirred to prevent their 
adhering together in large lumps, to facilitate the escape of the carbon, and to sepa- 
rate the cinder which, \\ lion the operation has been successfully conducted, flows over 
the bottom apparently as liquid as water. The iron is now “ balled up,” as in the 
operation of puddling. 'I’he t»hj<.ctions to the boiling piooess are: the wear and tear 
in the furnace wliich occurs in treating grey pig iron, particularly that of the more 
fluid description; the slowness of the operation, and the amount of manual labour 
which it entails to produce good results. In some works the crude iron is run di- 
rectly into the boiling furnace from the blast furnace, by which much saving of coal 
is effected, and a product of a more uniform quality obtained ; but the labour of the 
workman becomes more oppressive from the additional heat to which he is subjected 
from the close proximity of the blast furnace. Ironmasters are not agreed as to the 
respective merits of the “ boiling” and “puddling” systems; some maintain that the 
former is more economical than the latter, which involves “refining; " others think 
that boiling iron has a tendency to communicate to it the “ red short ” quality. Ac- 
cording to the observations of Mr. Truran, in several works where both methods are 
employed, the largest quantity of iron is first passed through the refinery. 

Mr. Hall, the inventor of the boiling system, in descanting on the merits of his pro- 
cess, describes how, with the same pig, the ir<jh may bo made weak and cold short ; 
or tough, ductile, and malleable. For the first proceed thus : — Pass the pig through 
the refinery, then puddle agreeably to the old plan ob the sand bottom ; that is, melt 
it as cold as pos'^ible ; drop the damper quite close before the iron is all melted, dry the 
iron as expeditiously as may Ix’, witli a large quantity of water; and, lastly, proceed 
to ball in a proper number of “ young ” balls ; the result will be a very inferior quality 
of mafiufaetured iron. On the other^iand, (o produce a malleable iron of very superior 
quality, first charge the furnace with good forge pig iron, adding, if required, a 
sufficiency of flux, increasing or diminishing the rame in proportion to the quality 
and nature of the pig iron used. Secondly, melt the iron to a boiling consistency. 
Thirdly, clear the iron thoroughly before dropping down the damper. Fourthly, 
keep a plentiful supply of fire upon the grat^j Fifthly, regulate the draft of the 
furnace by the damper. Sixthly, work the iron into one mass, before it is divided 
into balls ; when thus in balls, take the whole to the hammer as quickly as possible, 
after which roll the same into Kars. The bars heflig cut into lentrths, and piled to 
the dcsiri^^i weights, are then heated in the mill furnace, welded and compressed by 
passing through the rolls, and thus finished for the market. In this way, from the pig 
to the finished mil! bar, one entire process, that of the refinery, is saved. Mr. Hall 
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fttatcs that, by hU proecci, he can obtain maUfable iron of anr character f j n mUin^ 
that the ore* from which the pig »« arc of gool ^uaht) ). fr«>!u the •.! 

lead to the hardness of »tee!, and fnrthtr thu he can exhib i (lidVruit < 2 uah(>««> ui the 
same bar. one end t>ei»g crystallme. nearly as brittle as glas^, the «eh.*r end to 

the best iron that can be priKluced for fibre and Uitaci(>. while (he int idle t shihiU a 
character approximating to lx>th . and as a further lUinuratnvn of the t sr. nee of the 
iron that may be made by the “ pig b<nhng” proces.*, he r« ters i*j a n in the 

Geological Museum, Jermyn Street, I.<md*n, l.»Uiie.| SjH^^ciuun >■( two and a 
quarter inch round iron, tied cohl, inanufacCund at the Hioi.nifn i 1 Iron Works 
Tipton, Stafifordshire." This srH'cimen has b«vii called a *• Matb»nUhire km i." it wjs 
made from a bar two inches and a quart4‘r in tl«am<'(»-r, and nearly u'ehes in 

circumference ; also to a “ l*imched Uar,” half inch thu k, made at one pr -i'* ;..r the 

smithy, commencing with a half inch punch, and Icnnmatmg with one six and a h.ilf. 
without exhibiting the sIiKhtest fracture. 

Mr. Hall wa.s kd to the iliscovery of tlw “boiling" principle, by noti.-irg the 
exceedingly high fusion which took place on subjecting paddling furaace « .ig ? « a 
high degree of heat, and the excellence of ih© bloom of iron produced by the "p ra- 
tion : it occurred to him, that i^ such good iron could be made from cinder aioto-, a 
Tery su(>erior product ought to be obtained from gotid pig iron, with e«iU3lly g -xl 
fiuxes, and the result of experituents fully answered liis ex{H.’rtaiion. thotikdi f»r’a i< ng 
time he was noable to make his discovery practically itSidiil. iin .u<- nut r f tlo* •i.fb- 
culty of getting furnaces constructed capable of remU rmg the iiih !)•>. |, .it r.qn red 
and the corroding action of the flux**5. Puddling fuiuat ♦ s w. rc th ’ii m »dr ..f bru k 
and clay, with sand bottoms. He siicccwhtl at I.i-'t by linin:: th*- ini4 ri‘*r •>{ il^- fuinacc 
with iron, and protecting them uuli a coating •>f priquml up enuit r'.. 

In America, the ** puddling ” and “boiling*’ proces'^i** arc Inuh ui OMTimn 

gives preference to the latter as being the most profitiilde. but ii can cnlv be em- 
ployed to a limited extent for lack of cinder; in a rolling mill forge, thervf-rc. half 
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the furnaces are ein|loyed for boiling, and half for puddling, the latter snnnlving 
cmder for the former. In the easten. state, where Vhe fneUs an.hraeito^ffile 

puddling furnaces are em- 
ployed and a blast is used, the 
incombustibility' of this variety 
of coal rendering it impos- 
sible to get the requisite heat 
by nuTely (hi* draught of the 
chimney. J'nj 1028 represents 
an antliracife furnace bisected 
vertically through the grate, 
hearth, and chimney. ItdifiVrs 
from the ordinary puddling 
furnace chitfly in the greater 
dqith of the grate, which is 
made to contain from twenty 
to twenty-four inches of coal, 
and in the lcs.ser height of the chimney, which, as a blast is employed,«ne€d only 
be sufficiently high to carry tlic hot gase.s out of the furnace ; the letters < 1 , a, o, a, 
a. indicate the position of the iron cross binders, which serve to bind together the 
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cast iron plates of the enclosure, and to prevent the sinking of the roof from the 
expansion and contraction of the brickwork. 

The blast machines are fans, the best foHh of winch is shown in ^<7 1029. (Orer- 
wjrtn,) The wings of thij> fan are encased in a separate box ; a wheel is thus formed, 
which rotates in the outer box, the figure shows a horizontal section through the axis. 
The wings are thus connected, and form a closed wlieel, in which the air is whirled 
round, and thrown out at the periphery. The inner case, which revolves with the 
w iiig8. is tittril as closely as possible to the outer case, at the centre near a, a. o, a. 
The speed of the wings is sometimes as much as ISOO revolutions }>er minute. The 
motion of the axis is produced by means of a leather or india-rubber belt and a pulley. 
This variety of fan is used at the puddling furnaces at r.hbw vale, where the fuel is 
small coal. 

Fig. 1030 is a horizontal section of the double anthracite puddling furnace. The 



gr&te measures 3 feet by The w idth of the furnace externally is from to fi feet. 
The hearth is usually «'» feet in length It has two work (Uiors. one directly opposite 
the other. Two sets ot workmen are required tlicndtm* at the same time ; double 
the quantity of niciul i'n <'liars:rd. and the yield is twice that of a single furnace ; the 
economy is in the room, fuel, and labour; good pinhllcr only being required to 
manage the operation. Double puddling furnaces are aHo u<4>d in several works in Kng- 
land, but as Mr. Traran observes, the economioal a h aiitages nttemlinL' them in 
point of fuel are lost if the puddlers do not work well to time : they must bring their 
heats to the respective stages simultaneously, for if one is kept waiting for a short 
period by the other, the loss in iron more than balances the reduced consumption 
of coal. This difltculty of obtaining men who will work well in concert has 
operated against the use of the double furnace, which would otherwise certainly 
supersede the single, as combined with the process of running the iron in liquid from 
the blast furnace, the consumption of fuel is under the one half of the quantity de- 
manded with single furnaces working cold iron. 

Paddling furnaces are sometimes constructed with what is called water boshes.’* 
the hearth is surronnded with heavy cast iron plates, in which is formed a passage of 
an inch or an inch and a half bore, through which a current of cold water is caused 
to flow, the object being to protect the furnace from the destructive action of the heat 
and cinder. Overman found such furnaces to work well with fusible metal such as is 
prodneed from a heavy burden on the blast furnace, or from ores containing ]ihos- 
phorus ; hut with iron requiring a strong heat, such as results from a light burden on 
the blast furnace, or when it contains impurities firmly and intimately combined, pud- 
dling furnaces with cooled boshes failed to make good malleable iron. 

\Ve do not know whether the iron manufacturers in England will assent to the fol- 
lowing proposition laid down by the American metallurgist, viz. “ That the smaller 
the amount of coal consumed, or the lower the temperature of the bearlb in the blast 
furnace, the better will be the quality of the metal ; that is, the more fit it will be- 
come for improvement in the puddling furnace. The advantage of heavy harden in 
the blast furnace, is not only that it reduces the first cost of the metal, but makes a 
far superior article for subsequent operations. The worst cold short, or sulphurous 
metal, smeKid by a low heat is quite as good as the best metal from the ^st ore 
smelted by a high temperature.” Whatever maybe thought of the latter part of 
this quotation, no iron manufacturer will deny that careful attention to the blast 
furnace is the best security of success in the puddling furnace, and that success 
in the one is in proportion to the economy o^erved in relation to the other ; or that 
it is hopeless to attempt to improve in the puddling furnace pig iron made in a fur- 
nace that is constantly changing its burden and jpanagement ; such iron is most ad- 
vantageously disposed of by being worked up into coarse bur or railroad iron. 

In th^ autumn of 1856 the attention of ironmasters and of the public generally was 
powerfully excited by a proposal from Mr. Bessemer to manufacture iron and steel 
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from crude iron, without any fuel at all. The views of Mr. Ili ssem. r w.-r.’ fir<t cmi- 
inunicatvd to the public in a paper read I>j th.vl (ji’iillenu n at tlie ni. . n -,4 f f the 
British Association held at f'lieltjnUam .’‘i .\ui:u..t . frein this p.ajn r lie feii'w • v- 
tracts are taken, descriptive of the apparatus euiph.t eil, ami of the phenomena attend • 
ing the conversion. 

“ The furnace is a cjliiidrical vessel of three fe, t in In ight, somewha* 'oke an ordi- 
nary cupola furnace, the interior of which is lined wiili fire l>rieks , and at aismt two 
inches from the bottom are inserted fire liivere pi|H-s, the noj/ies of wlueh are forni. d of 
well burnt fire clay, the orifice of each tiiy* re pit». U’lnij about thn-e eights of an inch 

in diameter. These are so put into the brick lining (Irom Her sole', as to admit 

of their renioval or renewal in a few niinuti-s when they arc worn out. .\i one side 
of the vessel, about halfway up from the liottom, there is a hole made for running in 
the eruite uietal; and on the opposite ante a tap hole stopps'd with loam, by n.t.irs of 
w hieh the iron is run out at the end of the process. The vs-sm 1 is placnl s.i m ir tl.e 
discharge hole of the blast fiiniaee as to allow the iron to fiow along a gutter into :i. 
A small bra,ss ey Under is required, capable of compressing air to about b lbs. or In li>s. 
to tlie square inch. A communication having been made between it and the tuy, r. s 
the converting vessel is in a condition to commence work. Previous, howev. r. t.i 
using tly cupola for the first tin#, it must be well dried by lighting a fire in the in- 
terior, The tnyeres are situated nearly close to the bottom of the veou-I, the fluid 
metarHses, therefore, some 18 inches or two feet above them. It is pi ressnr;.-. in 
order to prevent the metal from entering the tuyere hides, to turn on tin M oi h, fore 
allowing the crude iron to run into the vessel from the blast furnace. Th s leaving 
been done, and the flnid iron run in, a rapid boiling tip of tlie nutal is he.ir 1 going on 
within the vessel, the metal being tos-sed violently about, .and d.ashed from side tos.de, 
shaking the vessel by the force with which it moves from the tliro.at of the eon- 
verting vessel. Flame will then immediately issue, accompanied by a few bright 
sparks. This slate of things will continue for about 15 or 20 minutes, ilnniig wlin h 
time the oxygen of the atmospheric air combines with the carbon contained in the 
iron, producing carbonic acid gas. and at the same time evolving a powerful h' at. 
Now as this heat is generated in the interior of, ami i« diffused in innumerable fiery 
bubbles through, the whole fluid m.ass, the metal .absorbs th.' greater part of it, .anil 
its temperature becomes immensely increa.sed, and by the evpiriition of i,’. ,,r 20 
minutes, the mechanically mixed carbon or graphite' has been enlirily roiisiimed. 
The temperature is, however, so high that the chemically eombined carbon, now 
begins to separate from the metal, as is at once indicated by an immense increase in 
the volume of the flame rushing out at the throat of the vessel. The metal now roes 
several inches above its natural level, and a light frosty slag makes its appearance, 
and is thrown out in large foam-like masses. This violent eruption of cinder gener- 
ally lasts 5 or 6 minutes, replacing the shower of sparks and cinder which always ac- 
companies the boil. ^ 

“The rapid union of carbon and oxygen which thus take.s place, adds still further to 
the temperature of the metal, vvhile the diminished quantity of carbon present, allows 
a part of the oxygen to combine with the iron, winch uudergoi s eoinbii-tion, and is 
converted into oxide, at the excessive temperature that the metal has now acquired : 
the oxide, as soon as it is formed, undergoes fusion, and forms n powerful solvent of 
those earthy bases that are associated with the iron. The violent ehiillition which 
goes on mixes most intimately the scorim and metal, every part of which is brought 
into contact with the fluid, which will thus wash and cleanse the metal niost thoroughly 
from the silica and other earthy bases,.while the sulphur and other volatile matters 
which cling so tenaciously to iron at ordinary temperatures, are drawn off, the sulphur 
combining with the oxygen and forming sulphurous acid gas. The loss in weight of 
crude iron during its conversion into an ingot of malleable iron was found on a mean 
of lour experiments to be I2J per cent., to which will have to be added the loss of 
metal in the finishing rolls. This will make the entire loss probably not less than 
18 per cent., instead of about 28 per cent., which is the loss on the present system. 
A large portion of that metal is, however, recoveruole, by treating with carbonaceous 
gases the rich oxides thrown out of the furnace during the boil. These slags are 
found to contain inmimcraWe small grains of metallic iron, which are mechanically 
held m suspension in the slags, and may be easily recovered by opening the tap hole 
of the converting vessel, and allowing the fluid malleable iron to flow into the iron 
ingot moulds placed there to receive thmi. 

“ The masses of iron thus formed will be perfectly free from any admixture of cinder, 
oxide, or any other extraneous mj,teers. and will be far more pure and in a sounder 
state of manufactiire than a pile formed of ordinary puddled bars. And thus it will 
be seen that by a single process, requiring no manipulation or particular swill, and 
w ith only one workman, from 3 to 5 tons of crude iron passes into the condition of 
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several piles of malleahlc iron in from 30 to 35 minutes, ’with the expenditure of about 
^ of the blast now used in a finery furnace with an equal charge of iron, and with the 
coiKumption of no otiicr fiu l than is contain'd in the crude iron. . . . 

•• One of the ino'st important facts connected with this new system of manufacturing 
malleable iron, is tliat all the iron so prepared will be of that quality known as char- 
ciHil trun, beoau«Je the wliole of the processes being conducted without the use of 
mineral fuel, the iron will be free from those injurious properties which that descrip- 
tion of lin l never fails to impart to iron that is brought under its influence. 

“ At iliat Mage of the process immediately following the boil the whole of the crude 
iron lias passed into the condition of cast ste^of ordinary quality. By the continuation 
of the process the steel so produced gradually loses its small remaining portion of 
carbon, and pa^es successively from hard to soft steel, and from soft steel to steely 
iron, and eventually to very soft iron ; hence at a certain period of the process any 
(juality of metal can be obtained.” 

The phenomena a’ lending this novi 1 process of iron making are very well described 
in the above extract, and if wo substitute for the words “a few bright sparks,” the 
words “ s}io\MTS of briizht sparks, poured out in enormous quantities, projected thirty 
or fori) feet into the air, and falling on all sides in a thick shower,” a good idea 
ma) he formed of the gorgeous display of pyrotechny which is exhibited. -^Ve must 
demur, howeviT, to the statement that the stiljihur and other volatile matters present 
ill the crude iron are drawn off; ” the fact iK-ing that the sulphur and phosphorus 
apptar to have suffered little if any diminution, notwithstanding the excessive tem- 
jTi-rature and the powerful oxidising action to which the iron has been subjected. 
'Mills Mr. Abel found, in a specimen of Mr. Bessemeris product from 0'4 to 0'5 per 
cent, of phospliorns, and fiom O’O.'j to 0*0C, per cent of sulphur ; the Bhenarvon pig, 
from which u was stated to have b<*en prepared, containing 0*.') of the former and 
OMUj of the latter, and in a cample, broken off fiom an ingot cast at Baxter House, 
Sept. 1st, ISTif). on which oceavion \ie were iTeseiit, and witnessed the whole process, 
we olitained " per cent, of pluxphorus and O'OH per cent. I'f sulphur ; similar results 
have been obt.inied b\ o;h« r chemists. The carliou and silicon, on the other hand, 
are elimm.itcd. the latter wholly so, while the quantity of tlie former is reduced to 
a few Imndredtlis pv-r cent. ; we think also that Mr ih'ssemer is mistaken in staling 
that the iron produc<‘d by h:s method contains “ no admixture of oxide.” for the 
spiecimons which wo have had an opportunity of examining presented unmistakable 
evidence of jmrtial oxidation m the \ery centre of the ingot, nor do we see how it 
could well Ik* otlierwise. 

It will easily be imagined that a process which, if successful, must have revolu- 
tionised the whole iron manufacture, was speedily subjected to a most careful and 
sifting in\ostigation ; and, for some months after its announcement, the papers were 
filled with communications from all parts of the country, detailing experiments made 
on the large scale to test its value ; the results, unfortunately for the ingenious pro- 
jector, were unanimously unfavourable. AVe quote first from the “ Mining Journal ” 
of Nov. 29, IS.ie. 

*• The Dowlais Company appear to have thoroughly and impartially tested Mr. 
Bessemeris process, and the results obtained can only be regarded as a total failure. 
.... A Bessemer furnace was erected, and acted excellently as far as the process 
was concerned, but failed to produce anything like malleable iron. The iron used 
was from clay-ironstone, Whitehaven hsematite, and small portions of forge cinders, 
in the proportions usually employed in Wales for rails and merchant iron. After 
the metal had been subjected to a blast of 8 4bs. pressure it wa*? withdrawn and taken 
to the * squeezer,’ as is usual with puddled blooms, to take out the dross and unite 
the particles of metal. Instead of acting like puddled iron Mr. Bessemer’s bloom 
under the squeezer was a mere mass of rod' hot friablematter, and, from its crumbling 
and non-cohesion, was with difficulty formed into an ingot : when passed through 
the roils it broke on the drawing side as easily as very *red short* iron, to the infinite 
gratification of the men, who greeted each failure with hearty cheers. By mixing 
slag with the metal a slight improvement was effected, but, on being submitted to 
a similar manipulation, it was found to be no better than ‘cold short ’ iron.” 

From the “ Cambrian,” 10th Jan, 1857 : — 

“On December 31st the Briton Ferry Iron Company received two of Bessemer's 
finest ingots of iron to test its value after passing through the rolls. Jsotwithstanding 
every care that was bestowed on the process, it %as found impossible to do anything with 
it to the purpose, and tlie manager informs us that old rekit iron, after passing through 
the same process, is worth by at least 3/. pcc^ton more than that tried on this 
occasioij.” 

At a meeting of the Polytechnic Society at Liverpool, Monday, Sept. 16 , 18.36, the 
chairman, Edward Jones Eyre, is reported (“Daily News”)’to have said that a 
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specimen of Besscaaer^s iron bsd been rec.‘iTed sft«i u-ste^ hr Mr. t I ah ;n u.f ncc 
of Mr. Dswfcm sod an*l» b** r» jfTi-iU'd to txy, b^rl far frt^cn ry . 

the »p<ecinHm itthmilletl ail lb*.- apj><^AMn«'. t.r‘ { arj I im;- -/rr f ■ -if sr « l|r 

mty bt tay it was rotUm lu-t aod riUian vtU.l. .^(r di 4 4;*fr-tn< t)f. 

and also »aid that be bad tuurh in th* {« !'r>l 

to the roUioff machitte bad wjj Tb *:.irm4*. a-' 1*-1 

that be hoped ere loos b» tt»‘r r* -n.U^ wtml-M'** •»* M ««4 . ! *f :ri {b\ « n- t«. » b . he 
referred he wa< irifomied ih.u tbo jmn r>'V »U j-r t«‘tj a:.! a‘t. r 

operated on, as he »aw it, hr ilid not eoo^, !. r it worth 4* |■•r ton. 

I^astiy, we find tn the ** Mtnuiff JoLtritai ’ •'( Jaituary ird. I •• ‘>7. that th»' IWn*# mrr 
pr>Ce#s was irieit at the works of M»'«ara Ja<'k*«>ri. ot ar tiiA*s * I f** K - 

pearanres were notict'tl, and after about 4o mmute« the furr.a. wa* ’a; j^d, at 4 !*>•• 
purified iron mn white and iimp d into moulds prepari'd for the \ >r{.-«e. r a!- 

lowioff It to rool It was exammeti; it had a bn^bt siUrrv wh>trn*«4 w ‘S 
crjstaU, hnt wa.-i *'xces‘<imsly brittle. When rolletl it pr e s s ' ft rd ihr iun,e rrt*’all n-r* 
appsaran* e on iruotur*', but in a state of ftrraler compresstoo and without th«- «> , 
trace of fi!*re. It is statixl to have bs’cn «h-firieni in every quality which would r» : r 
it vuhuhie for such purpost's os malleaMe iron is titually applied to in fact, the 
specimens examined were not ifialUahle. and had nothincr of tenacity nr dnrtil 'r. 
properties which rcDder iron ▼aluahlc, and are so iiid.sjH nv.vMe f..r the n». eh.vr.iral 
re«{Uirsmenu of the present age. 

Although, therefore. It is scarcely pr»‘h.vMe that hhr lu ir- n w.ii r * fr-'m 

metal that has been subjccte<l to IW*’*4ciii. r‘4 tr- itment. ai. l nlth«. /h il tt f. r ‘i.oia.i 
was premature in announcing hit invention .iv .i thing |irov< d f<> b* ; ri- tn »i. w . ^r.* 
far from asserting, as some have done, that the time of iron ni 4 *t* r4 |-s% U. n ? .id- 
lessly occupied in experimenting on the «iil-ji < t. or that no giw^l \% |ik> |v to n.-. - .. to 
the iron mMufacture from all that has U , n done an 1 wr.tieri th* re-.n/ Th.' ixtri- 
ordinary tenacity with Which iron retains MiJphur and pho^jdiorn* ha* hrrn » \ h ‘ ^d. 
and the fact that we must r» sort to other oxid ning agents than that of air to . l-ni : .*■* 
them has been demonstrate. The injurious « (Veer of an excessive tem{>rra>i)re • n 
the body and quality uf iron has f^ in cU .irly manifest, d. ami the opinions of those 
whose experience has taught them that it is vain to liM>k for i!i. pr<*r!iirt.on of a 
tough flexible bar from iron which has lost nearly the «h. |.- of r.irl.i.ri. r.i; dlv or 
without manipulatioot has been confirmed. It is more thnn prohal .t that iron n.n- 
taining ordy 0*03 per cent, of carbon has almost lost the propirt> of Urommg 
fibrous by any treatment ; for without going so far as to assert that t^e devidopn.i-nl 
of fibre depends on the prew'nce of carbon, or that carbon exercises a specific func- 
tion in bringing about this molecular condition of the iron, analysis shows that the 
toughest and most flexible bar iron contains a far larger qiiantity of carbon than that 
above indicated, as will be seen by the following anaij'.es by Ci'ay-Lussac, Wtllaoo, 
Karsteo, and Bromcis. 

Amount of Carbon m Uar Iron. 


Tiirhrtn, 

Best bar iron from Sweden - irjo.i 


Bar iron from Creusat - 
Bar iron from Champagne - 

Bor iron from Berry 

Cdd short bar iron from Moselle 

Soft bar iron analysed by Karsten - 

Hurd bar iron by Karsten 

Three different varieties produced from white pig iron by the Swabian 
nirfhnd of refining, analysed by Bmmeis 
Three different varieties producc'd from white pig iron by the Swabian 
TTu tlu'd of refining, analy^i’d by Bromels - - . - . . 

Three dith rent v.iriefies produced from white pig iron by tlu’ Swabian 
method of refininir. analysNl by Bromeis 
Three vanerics pnKluced from vanou.s kinds of pig iron by the Magde- 
spning roeth^Ml of nfininir - - - - . . 

Three varieties produced from various kinds of pig iron by the Miigde- 
sprung method of refining - - - 

Three varieties preduced from varioiiS kinds of pig iron by the Magfle- 
sprung method of refining - - - - - 


«» 

0 i:.9 
o IS -l 

(Clf.i 
O 144 
n JO’) 
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0 318 

o-a.u 
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o-r,f. 


It will be noticed that the smallest amount of carbon indicated in these analyses is 
nearly three times greater than that found in Bessemcrised iron, and in this i^pecimen 
the iron is stated to be “ cold short ” which means deficient in fibre ; it is probable that 
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iron retains the last portion of carbon with extraordinary tenacity, and that it can only be 
mad** to ) u-ld U up the act <»n <*f excrs«iie temperature an<i oxy^jeii ; u then passes 
inu) a condition of what is called ^ur/il iron which Gmelm states, t sol. v. p. i»()5, 
l'.uf}li\h Triimlitum I, is the only variety of bar iron that is free from oarlKin. This is 
clearly the co!i<liiioii .»f me mp»ts made by IWs»emer*spn>ccKS ; it is stated, however, that 
by pro|H.T ni aiu desircti quantity of carl>on may be retained, and it remains 

to be proM-l },(,\r f.ir lias will be practicable on the large scale, and whether those 
\aru to s of «teel and semi-steel alluded to m the patenUs can really be produccnL 
.'vnio- interesting vxf>eriinonU on fused wrought iron leave recently been made by 
Mr. Uiley of the Powlais Iron Works. Jly exj>o«inir frainnents of bh>ck plate from 
the tin works for two hours to the highest In at of a w uul fiirnace, the fragments being 
coverwi with cinder fnmi an old a«‘Vi\. a pi rf «'tl> fu^i d 1 utton weighing Ifidb grams was 
ohtaineil. When coM tin* mass i r\ v.ihi'.. d and e.a^ 1% Iroken. the fracture Inring 
in tiu direction of the }>l.int of <‘h of ihe or\sjals ; one half of the button Wing 

worki*<i out into a j u.ch b.ir \i a*' r> soft, with a fine face, and sharp even edges like 
steel ; two , 1 -. - win n w- Me.! tfU"'her worked well at a welding heat, but on cooling 
to a T' d lu .»t h- i’!M- or.u k\ .>n«l broke. The fracture of the iron before it had been 
e\|- .«.. <1 to wei 1 li.: be it w u'* silky and the b«>dy was ]^ery tough : it could readily be bent 
b u k d.oii^l,' w ithout cracking. Tins exjHTiinent wa* r. j>eated sevt r.il tunes, w%th .similar 
results. tIu- fused buttons iK-ing very t<mcr)i and fibrous wlnn cold, but invariably 
ci.uking and breaking to pieces afttr lia\ ing K‘eii subju ti d to a WLi'lmg heat. It 
^would apjwar, thcrefon*, that fused wrotight iron is almost a woiihb ss substance. 
Mr. Uile y IS engagi d in further cxpcrinienls. which, it is to be hojK^d, will throw some 
light on this singular prop, rty of fused wrought iron. 

.}fiiriiinfs fnr fori;W'] on./ romffnstuii iron — To prepare the puddle balls for the 
roll in i: luilK, thi'\ lun o to undo, go the pr«)ccss “ shingling ; *' or “ bbtoniine ; ” this is 
etb'Ct* d either I'V tin- h;unni«r«'r l‘y the ‘‘pnerer. the latter has :i]mo'‘t entirely 
superM-ded i)u foruo r, an it * ll-Tis the object at b vs COM. theugb. j'erbaj’S. w nil hardly 
siK'h g*»od T' 81. Its as to qualitv These m-'ideuiisin - arc mo\id Cither by steam 
eut'ini s or !'\ "a‘« v-\\ hc-U. We sliall otb r muuc d. i.uls concerniiui them. 

Tile mam dri\ mg shaft usu.illy carrn s .it eitlicr end a )arg<' looilu >1 wheel, which 
coniinunicates motion to the difTerent mnehim-s throi*g!i smaller toothed whiils Of 
those there arc commonly six. fourof which drive four ditTeront s\vtims of cvlinders, 
and the two others work tlic hamnn-r .iinl the shears. The d.tferent cylinders of an 
iron work should never ho placed on tlu-sime arbor, becau^o they are not to move to- 
gether, and tlioy inii-t !i ive il'ilVn nt \cb>citics according to the diameter. In order to 
econotiiLse time aicl f.ui!;iatc l.ibour, c.ire is taken to a.'sociato on one side of the 
motive machine the hammer, the shears, and the reducing cylinders, and on the 
other side, to place the several systems of cylinders for drawing out the iron into 
bars. For the same reason the puddling furnaces ought to be grouped on the side of 
the hammer ; and the reheating furnaces on the other side of the works. 
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eoiterf with friction into the farmer, and i* rctainvd in I« place h> wHj:r^ of iron or 
wood. The bead consists of stvt nl or pLin-s ncedtnp from •^>h f. r 

the parposc of givinjf ditferenl forms to tht* tiall A rinj; «>f -j, rj!l-d 

the cam-ring AfJ^, bearing movahl** citrH 4 A. -inr.-. tii*- hamno r t/, hy i.rtm;: it up 
roand its fulcrum y*. and llu n letting «t fill »!»• rout* . In t.n.* irorj work, thu rm;* 
was found to be 3 feet in dano ter. I inches th:«’k. .iiid f-* '"* ish 4 tons 'I nn- weight 
of the helve (handle) of the correspond nij hammer was 1 tons and a half, and that <‘f 
the bead of the hammer 8 hundr»‘d wi i;:ht 

The anvil e consists als<> of two parts : th»’ one ralh-d th#* pane of ihpanrsl. ts ih** coun- 
terpart of the pane of the hammer ; It Ilk. -Wise w. i;:hs H hnndn d wrijjht Th*- s«‘. «.nd 
named the stock of the anvil, weiirhs 4 t»»ns. Its form is a p.irall« i*.p jssj. wjih th.’ 
edj»es rounded. I’he hiwm or roup:h hall, from l!>e puddle funuc«-, i» lod nn i tiirn*si 
about upon it, by means of a rn«l of iron welded to each of them, railed a port. r. Sm. e 
the weight of tin s*- pieces is very gn-at, and the shock* very considerable, th*' uim- st 
preeautions should ^ taken in setting the hammer and its anvil upon a suhs'Am-il 
Mass of masonry, as .shown in the 6tfure, over which is laid a double, or eren 'luadrn} 
flooring of woo*l, formed of beams placed in transverse la\ era elose to each other. Sm h 
beams {M>5!,sess an elastic force, and riiereby partially d4*siroy the injurious reaction of t h.’ 
shock, lia.somc works, a six-feet cube of cast iron is placed an a pedestal to the anvil. 

Forge hammers are very frc(|uently mounted ns lever* of the first kind, with the 
centre of motion about one-thir<l or one-fourth of the length of ih*- h. lv«- rr*)in i|j4- nm 
wheel. The principle of this construction will Im‘ «ijderstf» 0 'l by iii‘*[>. rti.-' <>f /».. i* i 
The short end of the lever which is struck down h> thotapp* t r. i- driwn .ig.i s,*.' i!.,- 
end of an elastic bt'am o, and immediately rebounds, causing the long end tn str.k*’ a 
harder blow upon the anvil *. 

Fig. 1U32 is the German forge-hammer ; to the left of i, is the axis of the rotatory 

cam, 3. 3, consisting o^ h s.d‘S, 
each formed nfa strong broad bar 
of cast iron, which are joino<l to- 
getluT to make the octagon wheel. 
4, .\f>, are I'.v^t-iron binding rmffs 
nr ho^ips in.-nle fast by woo-i*!! 
weflgrv; /,,/>, are vfaiwl.trds <*f t!i‘> 
frame work r, /. m. in wbn h the 
helve of the forge hammer has its 
fulcrum Dear u. A, the sole jnrt 
of the fhtme. Another cast- iron 
base or sole is seen at m. a is a 
strong stay, to strengthen the 
frame work. At r two parallel 
. bainmtTs are placed, with cast- 

iron head.s and wooden helves, s is the an>il, a very nin*-'>-'e piece of cast iron, t is 
the end of a vibrating beam, forthrowing hack the hamnii-r from it forcibly hr r**ccil, 
X g is the outline of the water-wheel which drives the whole. I he cams or tapju ts are 
shown mounted upon the wheel 6, y, fi. 

S<iueezers are machines winch condense a ball by pressure. Thrv.are either single 
or doable, their construction will be readily understood from Jhj. lO.^.l'wbich represents 




a single level squeezer of the simph st construction ; the bed plate a is castT^n one 
piece; it is 6 feet long, 15 inches wide, and 12 inches high. The whole is screweil 
down on a solid foundation of stone, brick, or timl>er : A is the movable which 
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ni-tkcs from 80 to 90 molion^ ptr minute. The motion i^ imparted by the crank c, 
^iijoh in turn is dmc n b> ne nus of a strap and puliev by iheeleiiu-ntary i>owtr. The 
dianu-ter of the Ov mIk.I'is trom 3 to 4 fett. The anvil d is aUiut tvro leU m length 
and fnuu 12 to 14 inelus m width; it is a movable plate, at l^ast 3 inches thick, 
M Inch if injured can U- replaced b\ auolhcr ; the face of the work.ng part of the leVer 
exactly fits the anvil, and consists of plates attached by ineans of screws It is 
desirible to have ail tlit.se face plates m small parts of h or lu inches »n by this 
ineans tlit v an- secured against breaking by expanMoii and contraction. 1 he whole 
If u lone, I’nclu.hii;: the crank and everything, is made of cast mm. and wei{:hs from 4 
to *» tons. According to Ovcrnian this machine is b<*th cheap and durable, and will 
.‘.qn.M-ze loO tons of iron ^>er wet k. - , 

ruj. 1(134 represents the double s.piee/t-r. fnipl<»ved at nirinv Tnjlish ironworks. 
The drawing is taken from a nia*hine at the Iiow Uis iron v. orks, figured m Mr. 
Truran’s work. Many other forms are in use. 



Fi(j. 1035 represenhs Itrown'.s patent blmim sipuvzer. The licated b.'ill of puddled 
iron K, thrown on the top is gradually piessed between the revolving rollers as it 



descends, awd at last emerges at the bottom, where it is thrown on to a movable 
“ Jacob’s ladder,” by which it is elevated to the rolls. This machine elfects a con- 
siderable saving of time, will do the work of 12 or 14 fur^jaces, and mav be constantly 
going as a feeder to one or two pairs of rolls. There are two distinct forms of this 
machine ; in the one figured the bloom receives only two compressions ; in another, 
which is much more effective it is squeezed four times before it leaves the rolls 
and falls upon the Jacob’s ladder. Another form of squeezer is show n in Jig. 1036. 

A table a a with a ledge rising up from iflo a height of about 2 feet, so as to 
form m\ open box. is firmly imbedded in masonry ; within (his js a revolving box, c, 
of sunilar cliaracter, much smaller than the last, and placed eccentrically in regard to 
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it The h«Uor htoom D if pisecd between the innermost rcvoWinfr boj c and the .«it. r 
eaae a a where the fpero between them is pefleal, and is earned round iiIm! eu.. rjjcs 

at B, eompresfed and fit for the rolls. i i ^ 

^ ^ The corapreasjon Ntw^H-n ryl..»'i'T« 

now'ftUrtfc. in a few aecond.t, that cjod. and 

disirdiiition <>f th.- fihrts winch -lo a.-* o-ul-i 

not Ik* uctM>iupli»>b« tl t‘11 af{**r luany hcata in !h»’ tur- 
Uaci*. and h!i»» < id the InnifiMT I he luidcpi 

roav !>•* dislinj'ni>b‘*d tnt»» !»•> ktr.d* • i. which 

aerie to draw out tbf» lall, pu‘Uh4>i>j or 

r* ntrhintr roil^, and winch an , in fact, nir cO n- 

dors; 2 , the c> linders of ext«'iisM»n. calhd r.^irr/. for 
cirawm^f mto’bars the tuawiTe iron aft* r Jt baa r#- 
ceive^l a welding, to make it more inai]«‘a>‘If I hi« 
second kind of cylinder* U •nbdirided mto M-^tra! 
variftiea. according to the patterns of »«ar ir«>n tliat 
are required. Tbeiic may Tgry from S inches a<juare 
to less than one-siaih of an inch. 

Beneath the cylinders there is dRuaUy formed an oblong fmse, into which the sconir 
and the scales fail when the iron is compressed. The sides of this f.>s<tr'. constnicted of 
stone, are founded on a body of solid masonry, capable of supp. the cnonmms 

load of the cylinders- Beams of wood form in some im n.sun- tli * “ -I. of th> pit. 
which cylinders may be made fast, by securing them with screws and >1 iw^irc 

bars of cast iron are found, however, to answer stdl Ktt* r. not oniv Nc.ui *- (h.- up- 
rights and bearers may be more solidly fixed to them, but hecau'**' ih*’ la.^em* nt of 
heavy metal is more difficult to shatter or displace, an accident which liapiwn-i fre* 
quently to the wooden beams. A rill of water is supplied by a pipe to each pair of 
cylinders, to hinder them from getting hot; as also to prevent the hot iron from ad- 
hering to the cylinder, by cooling its surface, and perhai»8 producing on it a si ght 
degree of oxidisement. 

The shafts are 1 f<K>t in diameter for th#* hammfr and the roughing rolls ; and 
6 inches where they communicate motion to the eylmders d- sfim .l to draw the iron 

into bars. 

The rovghing rolls are employed either to work out the lump or hall imnu lutrly 
after it leaves the puddling furnace, as in the Welsh forges, or only to draw out the 
piece, after it has been shaped under the hammer, as is practised in most of the 
Staffordshire establishments. These roughing cylinders are generally 7 feet long, 
including the trunnions, or .5 feet between the bearers, and 18 inch^ diameter; and 
weigh in the whole from 4 to 4 J tons. They contain from .5 to 7 grooves, commonly 
of an elliptical form, one smaller than another in regular progre^-sion, as is seen in Jig. 
1037. The small axis of each ellipse, formed by the union i>f the upper and under 
grooves, is always placed in the vertical direction, and is <q!nl to the great axis, or 
horizontal axis of the succeeding groove ; so that in transf- rring tin- her from on.* 
groove to another, it must receive a quarter of a revolutio n, -niier. i>\ the ii<m c* 
elongated in every direction. Sometimes the Touching r.>Ijs ««. rvc pripir-tory 
cylinders, in which case they bear towards one extremity rectnnguinr groov, as the 
figure exhibits. Several of these large grooves are N'stiKMf d with small a'*penius 
analogous to the teeth of files, for biting the lump of inm, and preventing its sliding. 
On a level with the under side of the grooves of the lower cylind* r. there is a plati* "f 
cast iron with notches in its edge adapted the grooves. This piece, cniled th«’ upron, 
rests on iron rods, and serves to support the halls and bars exposed to the action of 
the rollers, and to receive the fragments of ill-welded metal, which fall otf during the 
drawing. The Aof/.?in 5 r /raffles in which the rollers are supported and revolve, are 
made of groat strength. Their height is 5 feet ; their thickness is I ftiot in the side 
perpendicular to the axis of the cjlinders, and 10 inches in the other. Karh pair of 
bearers is connected at their upper ends by two iron^ods, on which the worknitui rest 
their tongs or pincers for passing the lump or bar from one sid».’ of tlic tyl.pders to the 
other. 

The cods or bushes are eacli compoe d of two pieces ; the one of hard brass, whicli 
presents a cylindrical notch, franud into the other which is made of cast iron, as is 
clearly seen in Jig. 1037. 

The iron bar delivered from the sqiiafe grooves, is cut by the shears into short 
lengths, which are collected in a bundle in order to be welded together. When this 
bundle of bars has become hot enoiurh in the furnace, it is conveyed to the rollers, 
which differ in therr arrangement according as they are meant to draw iron jfrom a 
large or small piece. The first, 1037, possess both elliptical and rectangular 
grooves ; are I foot in diameter and 3 feet long betviecn the bearers. The bar is not 
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finished under these cylinders, but is transferred to another 'pair, whose grrooves have 
the dimensions proper for the bar, with a round, triangular, rectangular, or fillet 
form. The triangular groo\es made use for square iron, have for iheir profile an 
isosceles triangle slightly obtuse, so that the space left by the two grooves together loay 
be a rhombus, differing little from a square, and whose smaller diagonal is veriicaL 
When the bar is to be passed successively through several grooves of this kind, the 
larger or horizontal diagonal of each following groove is made e»jual to the smaller or 
ujirnrbt of the preceding one, whereby the iron must be turned one fourth round at 
each 8ucces‘iive draught, and thus receive pressure in op]>osite directions. Indeed the 
bar IS often turned in succession through the triangular and rectangular grooves, that 
its fibres may be more accurately worke»l tog,*iiicr. The detTcincnt in the capacity 
of the grooves follows the proportion of l .■> to II. 

When it is intended to reduce tin* iron to 1027 


a small rod, the cylinders ha\e such a dia- 
meter, that three may be s«'t in the same 
housing frame. The lower and middle 
cylinders are employed as roughing roller.^, 
while the upper and middle ones are made 
to draw out the n>d. When a rod or bar is 
to be drawn with a channel or gutter in its 
face, the grooves of the rollers arc suitably 
Jbrmed. 

To draw out siinare rods of a very small 
size, as nail-rods, a system of small rollers 
is employed, called sUtterx, Their ridges 
are sharp-edged, and enter info the opposite 
grooves 2j inches deep i so that the flat bar 
in pissing betwe en such rollers is install- 
tanroii'^ly dividi'd into several slips. For 
tins purp<'so the rollers represented in f'nj. 
In.'l'S, may bo put on and removed from the 
shaft at pleasure. 



The velocity of the cylinders varies with 
their dimensions. In one work, cylinders 
for drawing out iron of from one-third to 
two-thirds of an inch thick, make 140 re- 
volutions per minute ; while those for iron 
of from tw o-thirds of an inch to 3 inches, 
make only 65. In another work, the 
cylinders for two inch iron, make 95 revo- 
lutions per minute ; those for iron fr«»mtw<# 
thirds of an inch to an inch and a third, 
make i2S; and tlinso for bars from one-third 
to t'vo-thirds of an inch, l.’it). The nuif/A' 
ing rolUrs move with only one-lhird the 
velocity of the drawing cylinders. 

The shingling and plate roy^ng mill is 
representejJ in Jig. 1037. The shingling mill, 
for converting the blooms from the balling 
furnace into bars, consists of two sets of 
grooved cylinders, the first being called 
puddling rolU or roughing rolls ; the second 
are for reducing or drawing the iron int^ 
mill-bars, and are called simply rolls, 
a. a, a, a, are the powerful uprights or 
stand^ds called housing frames, of cast iron, 
in which the gudgeons of the roils are set to 
revolve ; b, 4, b, 6, are bolt rods for bind- 
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ing these frames together at top and bottom ; r, are the rougliinz n.iU. h.i\ ,n; . a. ii a 
series of triangnlar grooves, such th.«t between tlnoe of the upp. r ,oel u; •!. r . j r, 
rectangular concavities are tbrined in th. nremnfereiice with sh.-iiili p ’ j .id, «. 
The end groove to the riplit of e, should lie ch.inrulhd like a ronpti ti!,.^ in , r 
take the better hold of the blooms, or to bit** the metal as the workmen »ar 
it the preparatory elongation for ent. ring into and passing through the 
grooves till It comes to the snuare oms, where it lieenin. s a imd-bar. d. 
smooth cylinders, hardeneil upon the surface, or iJiiVtii, as it u calleil, by 1. 
iron moulds for rolling iron into plates or hoojis, f.r.i.i-, art- string * 
rectangular threads, which work by means of a wreneli or k> y . t'lio the to. Is r r , , 
fixed in the standards ; they serve to regulate ihe height ot the pi ;mm. r ! ' s- s ..r 
bearers of the gudgeons, and thereby the distance bedween tin- iipjer ai 1 n:. 1. r 
cylinders. / is a junction shaft ; g. g, g, are solid coupling Iwises, w In. h . lot.r ic- lb.- 
two separate ends of the shafts, and make them tqm together, h, h. ar.- jm . n -n 
pinions, whereby motion is communicated from the driving shaft/, throogb the 
under pinion to the upper one, and thus to both upper and under rolls at one. . i. r, 
are the pinion standards in which their shafts run ; they are smaller than the up- 
rights of the n 11s. k, k, arc screws for fastening the head pieces I to the top of the 
pinion staudards. All the standanLs are provided with sole plates m, whereby they are 
screwed to the foundation beams a of woo<l. or preferably iron, as shown bi tin- 
dotted lines ; o, 0 , are the binding screw bolls. i;.ieh pair if mils at work is kept 
cool by a small stream of water let down upon it from a pipe ai.'l sti.p.r.K-k. 

In the cylinder drawing, the workman who hol.ls the ball in tongs jn.-..., u mi,, tlic* 
first of the elliptical grooves, and a second workman, on tin- otii, r sol,- ,.f ih,; 
cylinders, receives this lump and bands it over to the first, who rrp.is., s it tK-twe,-n 
the rollers after bringing them somewhat clo.ser to each oilii-r hv giung a turn to the 
adjusting pressure screws. After the lump hits passed fue or 'six times thmiigli the 
same groove it has got an elliptical form, and is called in Kiigland a It is n. xt 

passed through a second groove of less size, which stretches the iron har. In ibis 
state it is subjected to a second- pair of cylinders, by which the iron is dr.iwn mio 
flat bars four inches broad and half an inch thick. Kragnieiils of the hall or hlixiin 
fall round about the cy linders, which are aft.-rwards added to tin- puddling charg,-. 
In a minate and a half Ihe rude lump is transforim-d into bars w uh a m-.iim-s- and 
rapidity which the inexperienced eye can hardly follow. A steam engine of thirty 
horse power can rough down in a week 200 tons of coarse iron. 

This iron, called mill-bar iron, is however of too inferior a quality to be emplnvcl 
in any machinery, and it is subjected to another operation, which consists in weld'ino- 
several pieces together, and working them into a mass of the desired quality. The 
iron bars, while still hot, are cut by the shears into a length proportional to the size of 
the iron bar that is wanted, and four rows of those are usiiallv laid over each other 
into a heap or pile which is placed in the rc-kmhng fiirriiK-e. 'and expose,! to a free 
circulation of heat, one pile bt inj: set cros<;wi«e over anoilur. In a half or three 
opiarters of an hour the iron is hot enoijpli, and tJio pieces n<.'« staking tn-. th-r are 
carried in successive piles to the bar diawing c\lm'iirs to b * ton^rf.-l imn 
bars, which are reckoned of middle nuality. Wlu n a wrv tmi-h iron .v.intid 
tor anchors, another welding and rolling must U* given. In the Vc-heatin;r ovi-ns the 
loss IS from 8 to 10 per cent, on the large bar, and from Jo to 12 in smaller work. 

I he consumption of coals in heating the large piles averages 7 cwts. to the ton of iron 
ch^pd ; in the smaller sizes 10 cwts. ; and in heating the guide rolled iron U cwts. 
yy Lr farnace IS shown in section in ftg. I03:i: it differs hut little from a 

puddling furnace. The whole interior, with the exception of the hearth a, is made of 

fire-brick; the hearth is made 
of sand. For this purpose a 
pure siliceous sand is requireil ; 
the coarser the better. The 
hearth slopes consj'ierablv to- 
w'ards the flue, the_ object of 
which is keep tlte hearth dry 
ami hard. The iron wasted m 
rc-henfing combines with the 
oilica of the sand, forming a 
very fusible cinder, which flows 
off tlirough tlie opening at 
at which there is a small fire to 
keep the cinder liquid. ^ The 

r a f • 1 . thickness of the sand bottom is 

Irom 6 to li inclu^ resting on fire-brick: it generallr requires re-making after two 
r lue -tats. The height of the fire-brick arch, or its distance from the sand 
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bottom, is from S to 12 inch* s. Tho ari-a of iho !irc-j)\\co a\< rag«'S 12 f'-ct. and th-* 
width of the ftinia<'c from to t' iVi-t. NMiun the )iiUs au- eliuriT'd nuo tli-- 

tarnav-e tin- door in shat. at«d tiuc coil duAcd arotind its ctl^i-s to exol.id. the 
a r , the temperature i-^ rawed to ibc* hiithesi inteiwr i as «piickl\ as j os-ihle. av 1 
the Moikaiaa tariis ilie piles over from liiiie to tune that the\ may be biou<:hl to an 
uai!orm vnldin'r heat in the slmrle&t possible time. 

It IS th<'a';iit 1)\ many tliat a purer iron is obtaine<l by sni jecting the balls as they 
(‘ iia>' oat «)f the puddliiijr furnace lo the action of the hammer at tirsi rather tli.m to 
the r-nmliiMf: rollers, as by the latter process vitrified specks remain in the metal. 
V 111* 1) the liammer expels. Hence in 'homeworks the halN are hrst worked under 
the li.r^re hammer, and these sfttuwiwj^i beiiiji attefMaids la :iud in the lorm <>1 pus or 
c ihes, piled over each other, arc pas>ed thruiitih the roaeh.niz mills 

Hits intended for hoiltr <tr tni plates an* in.ide troni tlie best e«)ld blast mine ir> ’. 
’rile raw piif is redned in tlie nsaal manmT wnli coke, the loss amountin'! to freni 
‘J I-) 3 ewts. per ton. It i'. theti r. tinetl a second time with charcoal, the ]<>"' 
aiii'iniuini: a*.:, da to irmn 'j\ to 3 c'lts. j>er ton. After this second refining it is bt'at.Mi 
ri o ilaf plates \\li,te h«)i h) the till hammer and thrown into cold water ; the smiden 
ehiii.iij: m ikes It more easily broken into small slabs. The slabs are piled m he.r. s 
a..d %\elli«l in t’.ie lire, coke Ixdng the fuel ; tffe slabs are laid aeros^gtlu- ni-, 
a id do mit eoiue into contact with the fuel ; the hla^t is thrown under tile im 1. n I 
the la It IS immense ; when tlic piles are nearly at tlie fusing point. tbe\ ari wi li- 
dr.iMn and i>a.s$ed under the rollers; they arc again heated in the ho;io\» tire, th- n 
nj^aiu rolled and heated a third time in the ordin.ary reverberatory furnace, aft- r 
whii h they are drawn out into flat bars for boiler plates, or for tin plutc: the loss in 
these t»perations amounts to from 3^ to 4 cwt. per ton. About 9 heats are no* 
C'unpli.slied m 12 hours, each heat consisting of 2j cu ts, of refined metal, and con- 
suming baskets of charcoal. 

The b.uw int< tided for tin pl.ites arc repeatedly heated and rolled until of the 
r- 'inwifo tbinm^s, the plates an* tliou cut into s«piares, and annealed by eNpovieg 
th m tor i'e\ i r.il Imui s to la .it m eo\ ei e‘l ii on boxes, being allowed to cool \ ery siou h ; 
tli.^ gi'ts the p!.u<s the proper degree of pliancy. The next ojn'ration w that <f 
piiUiiuj; the plates are immcr<evl in dilute sulphuric acid for tlie jmrj'os.' nt r - 
mo\ iug from (lieir surfaces all oxide and dirt ; alter r< maming ni the .a el t( ; the re- 
<juisite time, they arc tlioroughh wa’^hed in smee'Mve troughs of w.r'r, and tie n 
dried in saw. lust ; fmal'y the surf.icis of the mei.il are prejmred for the r* ceptiou 
of the tin, by rubbing them with leuher upon eu^bioiis of sheepskin The spent 
snlpluirie acid is run out into <v.ipor;Uing pans, and the sulphate of iron crystali st'd 
out In <irder to tin tlic plates, they are immersed in a bath of melted tin, the snr. 
f.iec of which is covered with tallow or palm oil; when sufficiently covered, they 
aie transferred to the brnsher on the left hand side of the tinner ; he passes a rough 
brush rapidly over each side of the plate, whereby the superfluous tin is removed ; be 
then plunges the plate again into the tin bath, and passes it on to his left hand neigh- 
bour, who gives it a washing. The plate passes through several bands before it «s 
dried. Great skill is required in the tinning process; nevertheless in a well-conducted 
work the wasters do not amount to more than 10 per cent; a small percoutage «'f 
which are so bad as to require to be reworked. Great care is taken to avoid wu^n*. 
tin being worth 1.50/. per ton, A box of 225 sheets of tin plates 10 inches by 
14 consumes about 8^ lbs. of tin. 18ee Tin Platk. 

The processes pursued in the smelling works of the Continent have frC'iuently in 
view to obtain from the ore malleable iron i^rcctly, in a pure or nearly pure ■^tale. 
Tlie furnaces used for this purpo<se aie of two kinds, called in rieneb. 1 Feux ife 
Fiiiipi’s. or Fofyc.s Ctifitl<i}tcs ; and 2. Ftminraux « piece, or Fonje's Allrmantics. 

In the ('atalun, or French method, the ore previously roa'=;ted in a kiln is afterwards 
strongly torrefied in the forge before the smelting begins ; operations which follow in 
immediate succession. Ores treated in this way should be very fusible and very rich ; 
such as black oxide of iron, heematites, and certain spathose iron ores. From F'o 
parts of ore, 50 of metallic iron have been procured, but the avera^ product is 3". 
The furnaces Employed are rectangular hearths, 1040 and 1041, the water- blow ing 
machine being employed to give the blast. See Metallurov. There are thr.e 
varieties of this forge ; tlie Catalan, the Navarrese, and the Biscayan. The dimens, < ms 
ot the first, the one most generally employed, are as follows: 21 inchts long, in tiie 
direction 1041 ; 18^ broad, at the bottbm of the hearth or rn uM/. in the line 

A B; and 17 inches deep.^/?</. 1040. The tuyere, gp. is placed 0^ inches above the bi'ttom, 
so that Its axis is directed towards the opposite s*d% about 2 inches above the bottom. 
But It be movable, as its inclination needs to be changed, according to the staj.* 
of the opei ation, or the quantity of the ores. It is often ran-ed (*r low i n d v' iih p< licts 
of eby ; and even with a graduated circle, for the workmen make a great 'itery of 
VoL. II. . Q Q 



694 


IRON. 


this roatter. Th« hearth is lined with a layer of brasqtu (,U>am and '•''*'■‘^‘'^1 4a$i 
worked twether), and the ore after heins; roasted is sifted > the small powder Ix incr vt 
aside to b?ased in the course of the o[H-raf.on. The ore ts piM np on the .i.h- -'PI-*""'*- 
to the blast in a sharp saddle ridpe, and it occiii>ies one-third of the furnai e. lii he 
remaining space of two-thirds, the chare. at is put. To solidify the smal. ore on the 
heartbt it is covered with moist cinders mixed wuU c»a). 

1040 




The fire is urged with modcrs-ition during the first twn hour*, the workman tx'ing 
continually employed in pressing down more chnrcoa! as the former supply burns 
away* so as to keep the space full, and prevent the ore from cnimMmg <\^ n Hy a 
blast so tempered at the beginning, the ore gets well calcined, and pamallv redneod m 
the way of cementation. Hut after two liours, tlie full force ot the air is giMti, 
at which period the fusion ought to commence. It is easy to se«* whether trw torre- 
faction be sufficiently advanced, by the aspect of the flame, as well as ot the ore, 
which becomes s|X)Dgy or cavernous; and the workman now completes the nivion. >% 
detaching the pieces of ore from the bottom, and placing them in fW>nt of the tuj* re- 
When the fine siflings are afterwards thrown npon the top, they must be wat» n d. 
to prevent their being blown away, and to keep them evenly spread over the whole 
surface of the light fuel. They increase the quantity of the products, and give a 
proper fusibility to the scorias. When the scori® arc viscid, the quantity of siftings 
must be diminished ; but if thin, they must be increasi il, The cxcc's of .lap is 
allowed to run off by the chio or floss hole. The process lasts from five to mx hours, 
after which the pasty mass is taken out, and placed under a bamtner to be cut into 
lumps, which are afterwards forged into bars. 

Each mass presents a mixed variety of iron and steel ; in proportions which may 
be modified at pleasure ; for by using much of the siflings, and making the tnyere dip 
towards the sole of the hearth, iron is the chief product ; but if the operation be con- 
ducted slowly, with a smal! quantity of siftings, and an upraised tuyere, the quantity 
of steel is more considerable. This primitive process is favourably spoken of by 
M. Brongniart. The weight of the lump of metal 'aries from 2o0 to 400 pounds. 
As the consumption of charcoal is very great, amounting in the Palatinate or Rhein- 
kreis to seven times the weight of iron obtained, tlumgh in the Pyrenees it i*; only 
thrice, the Catalan forge can be profitably employed only where wood is exceedingly 
cheap and abundant. 

The Firurneaux a pike of the French, or S(uch-ofen of the Germans, resembles /(?. 
575 (Copper) ; the tuyere (not shown there) having a dip towards the bottom of the 
hearth, where the smelted matter collects. When the operation is finished, that is at 
least once in every 24 hours, one of the sides of the hearth must be demolished, to 
take out the pasty mass of iron, morCor lew pore. This furnace holds a middle 
place in the treatment of iron, between the Catalan forge and the cast 'won 
or high-blast furnaces. The stuck’Ojen are from 10 to 15 feet high, uid about 3 feet 
in diameter at the hearth. Most usually there is only one aperture for the tuyere and 
for working; with a small one for the escape of the slag; on which account, the 
bellows are removed to make way for the lifting out of the lump of metal, which is 
done through an opening left on a level with the -<io!e, temporarily closed with bricks 
and potter’s clay, while the furnace is in action. 

This outlet being closed, and the furnace filled with charcoal, fire is kindled at the 
bottom. Whenever the whole is in combustion, the roasted ore is introiUiced at the 
top in alternate charges with charct>al, till the proper quantity has been mtro<luced. 
The ore falls down ; and whenever it ^omes opposite to the tuyere the slag begins to 
flow, and the iron drops down and collects at the bottom of the hearth into the mass or 
stuck ; and in proportion as this mass increases, thejloss-hvle for the slag and the tnyere 
is raised higher. When the quatTtify of iron accumulated in the hearth is judged to 
be sufficient, the bellows are stopped, the scorifc are raked <iff. the little bri# k wall is 
taken down, and the mass of iron is removed by rakes and tongs. This mass is then 
flattened under the hammer into a cake from 3 to 4 inches tliick, and is cut into two 
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lamps, which arc subnutted to a new operation ; v^here it is treatid in a peculiar 
refinery, lined with c’jarcoal brasijue, and exoosiHi to a nearly liuiizontal Tlie 

ubo\ e mass seized in the jaw s of jK>werful tOTps, is heated before the tn\ t le ; a 
tioii of the metal flows <lown to the bottom of the hearth, loses its carbon in ^ 
of rich slaps or fused oxides, and forms thereby a mass of iron thorouphly refined. 
Tile portion that remains in the tongs famishes steel, which is drawn out into bars. 

This process is employed in Carniola for smelting a granular oxide of iio-.. Ti e 
mass or stuck amounts to from 15 to 20 hundred- weight after each o-peraiion (d‘ 1^4 
h<uir». Eight strongmen are required to lift it out, and to carry it under a large bamnu-r, 
where it IS cut into pieces of about 1 cwt. each. These are alterwards refined, and 
drawn into bars as above described. These fuinaccs are now ahiK -'t geiieially aban- 
djuied on the Continent, in favour of charcoal Ui>jhoi hUtst furwicts. 

Ft(f. 1042 represents a srlutchto/m (but witluuU the tuy < re, which may be supposed to 
be III the usual place), and is. like all the continental 
//nuts I'duruain^, reniaikable for the txct*".i\e thickness 
of i!*' masonry. ’I'lie charge is put m at the throat, near 
the Miiniiiit •)! the ootagoiuil or square concavity, fi>r they 
are made of l><jth torms. At the bottom of the hearth 
there is a daiu-stone with its plate, for permitting the 
overflow of the slag, while it confines the subjacent fluid 
metal . as well as a tymp stone with its plate, which forms 
the key to the front of the hearth j the boshes are a wide 
funnel, almost fiat, to obstruct the easy descent of the 
ch.irges, whereby the smelting with charcoal would pro* 

Cecil too rapidly. The bottom of the hearth is con- 
structed of two large stones, and the hinder part of one 
gUMt stone, called in (lerman i«V4.sh'i« (back stone), wliicli 
tile French have con ujded into tu^tuic In other coun- 
tiies of the Cuntment, the bo>lKS are frequeiul) a good 
deal more t,i)uied <l"wnw urds, and the health is larger 
than here represented. 'J‘lie refractory nature of the 
Ilartz iron ores is the reason assigned for this j>ccn- 
harity. 

In Sweden there are blast-furnaces, 35 feet in hcieht, measurul fioin 

the boshes above the line of the hearth, or cniiMt. Their cuvin has llie form of an 
elongated ellipse, whose small diameter is 8 feet across, at a height of 14 feet al>ove the 
bottom of the hearth; hence, at this part, the interior space constiiutes a belly corre- 
sponding witii tlie upper part of tbe boshes. In other respects the details of the con- 
struction <»f the Swedish furnaces resemble the one figured above. Marcher relates 
that a furnace of that kind whose height was only 30 feet, in which brown hydrate of 
iron {h(Fmatite) was smelted, yielded 47 per cent, in cast iron, at the rate of 5 hundred 
weight a day, or 36 hundred-weight one week after another j and that in tbe production 
of 100 pounds of cast iron, 130 pounds of charcoal were consumed. That furnace 
was worked with forge bellows, mounted with leather. 

The decarburation of cast iron is merely a restoration of the carbon to the surface 
in tracing inversely the same progressive steps as had carried it into the interior during 
the smelting of the ore. The oxygen of the air, acting first at tue surface of the 
cast metal ujion the carbon wliich it finds there, burns it : fresh charcoal, oozing 
from the interior, comes then to occupy the place of w hat had been dissipated ; till, 
finally, the whole carbon is transferred from •he centre to the surface, and is there 
converted into either carbonic acid gas or oxide of carbon ; for no direct experiment 
has hitherto proved which of these is the precise product of this combustion. 

This diffusibility.of carbon through the whole mass of iron constitutes a movement 
by means of w inch cast iron may be refined even without undergoing fusion, as is 
proved by a multitude of phenomena Every workman has observed that steel loses 
a portion of its steely properties evqyy time it is heated in contact with air. 

On the abo^ principle, cast iron may be refined at one operation. Three kinds of 
iron are susceptible of this continuous process : — i. The speckled cast-iron, which 
contains such a proportion of oxygen and carbon as with the oxygen of the air and 
the carbon of the fuel may produce sufficient and complete saturation, but nothing in 
excess. 2. The dark grey cast-iron. 3. The white cast-iron. The nature of the 
crude metal requires variations both in the fJrm of the furnaces, and in the mani- 
pulations. 

Indeed malleable iron may be obtained directlf from the ores by one fusion. 
This modi; of working is practised in the Pyrenees to a considerable extent. All the 
ore.s of iron are not adapted for this operation. Those in which the metallic oxide is 
mixed with much earthy matter, do not answer well j but those composed of the pure 
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black oxide, red oxide, and cartMinaU*. 8ucc4*cd much UtU r. To i \tra*'t liu-nvi I 
from such ores, it is sufficient to t-xpos,' them to a Inch tcmjH raiure. in t < nln r 

with charcoal, or with carbon.n'e‘'us iras***, the meuliie •tides*, spe.d-' i» iu* "i 
But when several earths are pr« sent, ihe-e t« rel r«»n!intul.> , duni c il • % .tr.fi. "H 
which they suffer, to retain in tb«ir Mtrei.UH ma*>» the unreduct'il ox tU- ‘t ipm. 
such earthv ores, as our iron«ton»'>, t“ h** put ino> tin* low furtiae. * < •/fo o'., 

through which the charges pass with gr*ai rap.*lii>. ainl in which the ron'ati with 
the fuel 15 merely nionientar) , there wouhl l>e f««un>i in the crucible t*r hearth n»t r. 
a rich ineUUic glass, instead of a lump of metal. 

In smeltinx and refining hy a continuous o|H'ration. tliree d iTefent < ma> l e 

distinguished: — 1. The roasting of the on* to exjHd the sulphur, who h w.»ii <1 h** levs 

eas.ly separated afterwards. The roasting dissn>ates likewise the water, tin- 
acid, and any other volatile substanc«*5 which the minerals may contain. J. 'I ii« d**- 
oxidi.semenl'and reduction to metal by expoaurv to charcoal or carhuntu**! '.i}->urs. 
3. The melting, agglutination, and refining of the metal to fit it for the heavy haimii. rs 
where it gets nerve. There are several forges in which these three operations s- • m 
to be confounded into a single one. because, althoogh still succeastve. they an- pr.ic- 
tised at one single heating wttho|(t interruption. In other forges, the processes arc p* r- 
fbrmed separately, or an interval elapses between each stage of the work. Ihr^e 
systems of this kind are known to exist: — 1. The (.’orsican inctluKl; 2. The (’atal.m 
with wood charcoal ; and, 3. The ('atalan with coke. 

The furnaces of Corsica are a kind of si-iuicircu)ar hasms !*< ineh. s m d mwtor. 

and 6 inches deep. The^€ arc excavated in an area, or a .imull ele\,if on of u sr.nry. 

8 or 10 feel long by 5 or 6 broad, and covered in witli a clmimey. Tin*. ar»a i-* .|u»te 
similar to that of the ordinary hearths of onr blast- furnaces. 

The tuyere stands 5 or 6 inches above the basin, and lias a slight inclination down* 
wards. In Corsica, and the whole portion of Italy adjoining the Mi*diterTan«'iin ihon «, 
the iron ore is an oxide similar to the specular ore of the Isle of Klba. Thi» ore cm. 
tains a little water, some carlwiiic acid. occa.Monally pyrites, but in small quantity 
Before deoxidising the ore, it is rctpiihite to exp*-l the water and carbonic acid com- 
bined with the oxide, as well as the sulphur of the pyrites. 

The operations of roasting, reduction, fusion, and agglutination arc f x<cntrd in the 
same furnace. These are indeed divided into two stages, hut the om- is a coni imi.it ion of 
the other. In the first, the two primary ojK‘ralions are performed at once the reduc- 
iion of a portion of the roasted ore is begun at the same time that a i^ortion of the raw ore 
is roasted : theseiwo substances are afterwards separated. In the second stage, the dc- 
oxidisement of the metal is continued, which had begun in the preceding stage ; it is 
then melted and agglutinated, so as to form a ball to be submitted to the forge-hammer. 

The roasted pieces are broken down to the size of nuts, to make the reduction <»f 
the metal easier. In executing the first sl» p, the basin and area of the furnace roust 
be lined with a brusque of charcoal dust, 3, 4, or even inches thick over this brusque 
a mound is raised with lumps of charcoal, very hard, and 4 or j inches high. A 
semicircle is framed round the tujere, the inner radius of winch is j nr 6 inches. 
Tins mass of charcoal is next surrounded with another pile of tlic roasft-d and broken 
ores, which must be covered with charcoal dust. The whole is su'^taincd wuh large 
blocks of the raw ore, which form externally a third walk 

These three piles of charcoal, with roasted and unroasted ore, are raised in three 
successive beds, each 7 inches thick : they are separated from each other by a layer 
ot charcoal dust of about an inch, which makes the whole 24 inches high. This is 
afterwards covered over with a thick <faat of pounded charcoal. 

The blocks of raw ore which compose the outward wall form a slope ; the larger 
and stronger pieces are at the bottom, and the smaller in the upper part. The large 
blocks are sunk very firmly into the charcoal dust, to enable them better to resist the 
pressure from within. 

On the bottom of the semicircular well formed within the charcoal lumps, kindled 
pieces are thrown, and o’.er these, pieces of black charcoal ; after which the blast of 
a water-blowing maciiine (frompe) is given. The fire is kept up by constantly throw- 
ing charcoal into the central well. At the beginning of the oi>erat'ion it is thrust 
down with wooden rod«. lest it should aft'ect the building ; but when the heat becomes 
too intense for the workmen to come so near the hearth, a long iron rake is employed 
for the purpose. At the end of ahpiil 3 hours, the two processes of roasting and 
reduction are commonly finished: then the raw ore no longer exhales any fumes, and 
the roasted ore, being softened, unites into lumps more or less coherent. 

The workman now removes tKb blocks of roasted ore which form the outer casing, 
rolls them to the spot where they are to bo broken into small pieces, and pulls down 
the brusque (small charcoal) which surrounds the mass of reduced ore. 

The second operation is executed by cleaning the basin, removing the slags, cover- 
ing the basin anew with 2 or 3 brasques (coats of pounded charcoal), and piling up to 
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the risilit aud the left two heaps of charcoal dust. Into the interval between tln se 
conical piU‘^ t^^o or tlircc baskets of char* fal are cast, and on it< tej) S(*ine cakes of 
the reduced crude inctal bcinjr laid, the Mast is resumed. The cakes. the) h- at, 
undergo a sort of li>ju or sweating, hy the action of the cmtiIi) ghi-si-s o i the 
unreduced black oxide present. Very fusible slags flow down t!irouj.‘h the mass, and 
the iron, reduced and melted, passes finally throUith the coals, aud falls into the slag 
basin beloM. To the first parcel of cakes others are added in siiecession. In pro- 
piirtion as the slags proceeding from the-e run down, and the melted iron falls to 
tlie bottom, the thin slag is run otT by an upper overflow or chio hole, and the reduced 
iron kept by the heat in the pasty condition, remains in the basin . all in' pans get 
agglutinated, forming a soft mass, which is reino\ed by nu-ans of a booked pc.le in 
order to be forged. Each lump or Wkwi of malleable iron rejuires 3 hours and a half 
for its production. 

The iron obt.iined by tins pn^o'-s is in p«*m ral soft, very malleable, and but l.ttle 
steely. In (’or.Mca fuir workmen arc cniph-ved at one forge. The produce of their 
labour is onl\ about 4 ewf. (»f mm Ironi 10 cwt. of ore and 20 of charcoal, mingled 
with wtiod of beech and chestnut. Though their ore contains on an average fl."; i*er 
cent of mm, only about 40 parts are extracted; evincing a prodigious wa^, which 
remains in the slags. 

The ibfference between the Corsican and the C.italonian nuthods consist.? in tlie 
latter roasting the ore at a distinct optTation. and cmplourig a second one in the re* 
<*-iction, agglutination, and refining of the metal. In the Catalonian forges. 100 pounds 
of iron are obtained from 300 pounds of ore and 310 pounds of charcoal ; being a 
produce of only 33 per cent. It may be concluded that there is a notable loss, since 
tlie sparry iron ores which ,are those principally smelted, contain on an average from 
.'j4 to ,'>6 per cent, of iron. The same ores smelled in the ordinary blast furnace 
proiUice about 4.'> per cent, <'f east iron. 

On the ('oiuinent, ir**n is freipiemlx refined from the cast metal of the blast fur* 
naces bx tlmu* o]M'rations. m three ditlerent waxR. In one. the pig being melted, 
with a'pvrsinn of water, a cake is obtaimul, which is again irndted in order to fonn 
a second cake. Tins being treated in the refinery fire, is then worked info a fi!, ».}/}. 
In anotlnr system, the pig iron is melted and east into plates . tliese are nulted anew' 
in order to obtain crude halls, which are finally worked into blooms. In a third mode 
of manufacture, the pig-iion is imdted and cast into plates, winch are roasud, and 
then strongly heated, to form a bloom. 

The French finsible ores, such as the silicates of iron, are very apt to smelt into 
white o.ist iron. An excess of fluxes, light charcoals, too strong a blast, produce the 
same re.mlt.s. A surcharge of ores which deranges the furnace and affords impure 
slags mixed with mcich iron, too rapid a slope in the boshes, too low a degree of heat, 
and too great condensation of the materials in the upper part of the furnace ; all tend 
also to produce a white cast iron. In its state of perfection, white cast iron ha.s a 
silver colour, and a bright metallic lustre. It is employed frequently in Germany for 
the manufacture of steel, and is then called stvcl or lamellar Jl^ss. a title which 

it still retains, though it be hardly silver white, and has ceased to be foliated. \\ heu 
its colour takes a bluish grey tinge, and its fracture appears striated or splintery, or 
when it exhibits grey spots, it is then styled^ourr^os^. In a third species of white 
cast iron we observe still much lustre, but its colour verges upon grey, and its texture 
is variable. Its fracture has been sometimes compared to that of a broken cheese. 
This variety occurs very frequently. It is i^white cast iron, made by a surcharge of 
ore in the furnace. If the white colour becomes lcs'< char and turns bluish, if its 
fracture be contorted, and contains a great many empty spaces or air-cells, the metal 
takes the name of cavrrnoua-Jfo.ss, or U ndfr The whitest metal cannot be em- 

ployed for casting. When the white is mixed with the grey cast iron, it becomes 
nband or /rowf cast iron. 

The German refining forge. — Figs. 1043, 1044, represent one of the numerous refinery 
furnaces so common in the Hartz. •The example is taken fix>m the Mandelhedz works, 
in the neighbourhood of Elbingerode. Ftg. 1044 is an eleratlon of this forge, d is the 
refinery hearth, provided with two pairs of bellows. Fig. 1043 is a vertical section, 
showing particularly the construction of the crucible or hearth in the refinery forge d. 
c is an overshot water wheel, which gives an alternate impulsion to the two bellows a b 
by means of the revolving shaft c, and the cams or tappets df eg. 

T>, the hearth, is lined with cast-iron plates. Through the pipe /, cold water may be 
introduced, under the bottom plate m, in order to keep down, when necessary, the tem- 
perature of the crucible, and facilitate the solidificauon of the loupe or bloom. An ori- 
fice n.fi^. 1(143, 1044, called the chio (floss hole), allows the melted slag or cinder to 
flow' oil’ from the surface of the melted inctal. A copper pipe or nose piece conducts 
the blast of both bellows into the hearth, as shown at b 1044, 
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The substance subjected to this mcxle of refinery is a prey cartonarc^jus cast mm, 
from the works of Rolhehutte. The u, being filled and hta{>ed over wjth hve 



charcoal, upon the side opposite to the tuy*Te x. //«;% lol.'i. li>44, long p ofrast iron 
ure laid with their ends sloping downward^, and an- drawn t'-rw .ird** s u r. « kj*. . , % .iJo 
the hearth hv a ho«iked poker, so th.it the e\tn*inity ot e.udi nia> !**• [ l iog'd into 
the middle of the fire, at a distanee of €• or H iucIh'h troin tlie month «'f the luj« re. 
The workman procetMis in this way nil he has mehed enough of metal to form a h-upr. 
The cast iron, on melting, falls down in drops to the l>otlom of the hearth ; lunng 
covered by the fused slags, or vitreous matters more or less loaded with f>xt<li' of »r«)n. 
Alter running them off by the orifice », he then works the cast iron by powerful stir- 
ring with an iron rake {nn^anf), till it is converted into a mass of a pasty contisti-nre. 

During this operation, a portion of the carbon contained in the cast iron combines 
with the atmospherical oxygen supplied by the Ndlows, .ami pass*** off in the form «>f 
carbonic oxide aud carbonic acid. When the lump in rojgulnied mflien ntlv, the 
workman turns it over in the hearth, then increases the heat no un to m* it it .ifresh. 
meanwhile exposing it all round to the blast, in order to consume tin* remainder of 
the carbon, that is, till the iron has become ductile, or refined. If one fusion should 
prove inadequate to this effect, two are given. Before the conclusion, the workman 
runs off a second stratum of vitreous slag, but at a higher level, so that some of it may 
remain upon the metal. 

The weight of such a loupe or bloom is about 2 cwts., being the product of 3 cwts. 
and of pig iron ; the loss of weight is therefore about 26 per cent. 149 pounds of 
charcoal are consumed for every 100 pounds of bar iron obtainefl. The whole ope- 
ration lasts about o hours. The bellows arc stopped as ‘Joou as the bloom i« ready ; 
this I.s immtdiately transferred to a forge hammer, the c.a'st-iron he. d of winch 
weiglis 8 or 9 cwts- The bloom is greatly condensed thereby, and ri:«charges a 
considerable quantity of semi-fluid cinder. The lump is then divided by the hammer 
and a chi>el into 4 or 6 pieces, which are rc-heated, one after another, in the same 
refinery fire, in order to he forged into bars, whilst another pig of cast inm is laid in 
its place, to prepare for the formation of a new bloom. ’I’he al>ovc process is called 
by the Germans klump-fnschcn, or lump refining. It differs from the dutch hrech- 
fn^rhcTiy because in the latter the lump is not turned over in mass, but is broken, 
and exposed in separate pieces successively to the refining power of the bla^t near the 
tti_\ I re. The French call i\i\i affinage par portions i it is much lighter work than the other. 

'I’lie <jujlity of the iron is tried in various ways; as, first, by raising a bar b\ one 
end. witli the two hands over one’s head, and bringing it forcibly dowm to .Nlrikc 
across a narrow anvil at its centre of percussion, or one-third from the other extre- 
mity of the bar ; after which it may be bent back-^ards and forward.s at the place of 
percussion several tinu s ; 2, a heavy bar may he laid obliquely over nro{>8 near its 
end, and struck strongly with a hammer with a narrow pane, so as to curve it in op- 
posite directions ; or w bile heated to rcdnes.s, they may be kneaded backwards and 
forwards at the same spot, on the edge of the anvil. This is a severe trial, which the 
hoop L, Swedish iron, hears surprisingly, emitting as it is hammered a phosphoric 
odour, peculiar to it and to the bar iron of Ulverstone, which also re.scmbles it in fur- 
iiiNhing a good steel. The forgingof a horse-shoe is reckoned a good criterion of the 
quality of iron. Its freedom froni flaws is detected by the above modes; and its 
linear strength may be determined by suspending a scale to the lower end a hard- 
drawn wire, of a given size, and adding weights till the wire breaks. The treatises 
of Barlow, Tredgold, Hodgkinson, and Fairbairn may be consulted with advantage 
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oil llie methods of proving tlie strength of different kinds of iron, in a great variety of 
circunisi.iuces. 

I)n^ (isMiu ( f ir<‘n er< — The t*hject <lru assay oi an iron ore i*« to a«c<.rt:iin 
t>v an experiment on a Hinall ■'eale the aiuount of iron \rijieh tlie ore sliould \ .eld 
w'lun smelted on the large scale in the blast furnace. For this ]>urpose the metal 
nui^t he deoxidised, and Mich a temperature produced as to nult the nu-tal and the 
eartlis assoei.ited with it in iheoie, so that the former inai be oh’jiued in a dense 
button at the bottom of the crucible, and the latter in a lighter glus^ or slag above it. 

a temperature can oul.' be obtained in a wind futnaee connected with a cliiinney 
at .'Ui feet in height, and when made expressly for assa\ing the furnace, is gene- 
ralU built of sucli a size tint four as’^axs ma\ be ma<b- at the same time, viz. about 
14 inches square, and 2 feet in depth from the nndt r ••ide of the co\ er to the moveable 
bars of iron which form the grate. In oidir that the substances associated with the 
iron in the ore should form a tusible com]><mnd. it is usually requisite to add a flux, 
(he nature of which will d* pei.tl upon the character of the ore under examination. 
I>e:th!er di\i<les in>n ore" »nto ii\e classes • I. The almost pure oxidts, such as the 
vt'i //M.' c ir< n and the lufimthies; 2. Ores containing Silica, but frt*o or 

11 rl\ so from aiij cither admixture ; 3. Ores conttyuing silica and various bases, but 
hitle or no lime ; 4 (>res containing one or more bases, such as /iwr, viaqinsiif, aluvuva, 
ori'lt’ of' moTufauesfiy oxide of Utaninm^ oxide of (notalnm. o f vhr(imiuii\. or onde tj 

hut Utile or no silica ; 5. Ores containing sdic hiuc, and iiniitJor l>a<c. and 
jvbicli are fusible alone. Ores of (he first class may be reduced witliout any flux, 
hut it is always better to employ one, as it greatly facilitates the formation of the 
button ; borax may ho used, or, better, a fusible earthy silicate, such as ordinart* flint 
glass. Ores of the second cla^s require some base to serve as a flux, such as carl^natc 
of soda, a mixture of carlxmate of hme and clay, or of carbonate of lime and doh'niite ; 
ores of the third class are mixed with carbonate of lime in the proportion of from one- 
half to tliree-fourth'^ of the weight of the foreign matter present in (lie ore. Orc-s of 
the fourth cla^s requite a'< a flux silica in the form ot poundeil quartz, and generally 
also '■onie lime; the mangaiie"ian spathic ores which belong to this cl.iss nun be 
assajed with the addition of sOiea alone, hut the magnesian spathic ores require lime. 
Oies of the tiflh class rojuire no flux. 

.}fcfhttd of condurtifKj tin itv.soy, — One htiudred grains of the ore fimly p.iherised 
and passed through a silk sieve are wdl mixed witli the flux, and the iniMure intro- 
duced into the smooth concavity made in tin* centre of a crucible that has been lined 
with charcoal ; the lining of tlie crucible is effected by partially filling it with coarsely 
powdered and sliglulc damped charcoal or brastfue, which is then rammed into a 
solid form by the use of a bght wooden pestle. The mingled ore and flux must be 
covered with cliarcoal. The crucible thus filled Is closed witli an earthen lid luted 
oil with fire clay ; and it is then set on its base in the air furnace. The heat should 
be very slowly raised, the damper remaining closed during the first half-hour. In 
this way the water of the damp charcoal exhales slowly, and the deoxidation of the 
ore is completed before the fusion begins : if the heat were too high at first the luting 
would probably split, and moreover, the slag formed would dissolve some oxide of 
iron, which would be lost to the button, and thus give an erroneous result. After 
half an hour the damper is gradually opened, and the furnace being filled with fresh 
coke, the temperature is raised progressively to a white heat, at which pitch it must 
be maintained for a quarter of an hour; the damper is then closed and the furnace is 
allowed to cool. As soon as the temperature is sutficiently reduced, the crueihlcMS 
removed and opened over a slicct of brown^paper ; the brastjuc is carefully removed, 
and the button of east iron taken out and weighed. If the experiment has been 
entirely successful the iron will he loiind at the bottom of the crucible in a small 
rounded button, and the slag will be entirely free from any adhering metallic globules, 
ai.d will resemble in appi*arance green bottle glass ; should, however, the slag contain 
small metallic particles, the experiment is not necessarily a failure, as they may 
generally recovered by wasbii^ and the magnet. But if on leaking the crucible, 
the rednced^netal should be found in a partially melted state and not collected into a 
distinct mass, it indicates either too. low a temperature or an improper selection of 
fluxes, and the experiment must €e repeated. The iron obtained is not chemically 
pure, but contains carbon, and if the ore is manganiferous, manganese ; the result is 
tliercfore somewhat too high, though indicating with sufficient exactness for all manu- 
facturing purposes the richness of the ore assayed. 

Humid assay of iron ores — The quantitative determination of the various sub- 
stances that occur in iron ores, demands on the^part of the operator a considerable 
amouu^of skill and patience, and can only be profitably undertaken by those who 
ha^c acquired in the laboratory a thorough acquaintance with analytical operations. 
As, however, much attention has of late years been bestowed on the com] 'sition of 
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iri»n ore«, and as certain elvnunt-*, vu. m'litiMitr***, %u’p\ur, an! /»/< u«. ar^ 

!r ••juf'ntly preSi'Dt, whi» h \eT\ con^. i.-iahly lli* ir tMUimn'ro.al \ahii-. ».* i!.f-m 

tl lo give a ‘letaiU d arc«mnt ot’ il.e «.iK ratuniN to !>»• \ \ rtonned in t rd-i r to arr;\ c 

at an accurate knowUdce of the coinjjosition i*f an ore. 

I’akine for illustration a s|w cnii« n of the iii« *1 coinjdicatitl comj>'’*'t on. the 
fiiibstances h*'>ides iron lo In* l*»oked for. and <•••11111 »t« *l, are er-i/f r i r<**rv</n. at.d 


■ r 


), orgiinic mutter, mtl/ihur (as sulphurn' m o/. and a** Amk/^/Ao/*- "/ 
p'torii: acid, earlntnic acii, uliLie acid, ojidr i>f' miinii int %r, ttlumin>i, icme, am! n kith' 
letid. tin, copper, and amenir, are also occaMonalU met wiili . tlo se nietaU an- sotj^lit 
tor wlien a suspicion of their prc^enct' is eiiUTtaiiteti !»\ a special ojh raln»n on a las k'o 
• piantily of ore. 

'I 00 great care cannot !h* Ix'Sfowei! on i!ie ^'tmplmij of ores intended for ai>3U «^is ; 
tsi expend so much time and lalxntr on an wdated specimen (unless f..r a sfHC .il 
idfjiN'f ) is wor^e than useless; ilie sample opiTatcd upon should be select* d fnen a 
lai L'e tteap, » hich should he thoroughly gone over, and Mvemi doi«n pieces taken fr- m 
did- rent parrs ; these should he coarsudj (powdered and mixtxl, and about half a |x»uiui 
taken tr*>in the nia>.s should he preserved in a well corked bottle for exaniinatmn. 

I. JJttermiiuition 0 / wtter {hijtjxoM'optc and mmhtned ). — About 5<) grains of tlie 
ore are d^ted in the water oven ini no further loss of weight is experienced ; the loss 
indicates the hygroscopic water ; the residue is introduced into a tuln* of hard glass, 
to which is adapted a weighed tube containing chloride of (alciiim ; tlie powd* r is 
tlien gradually raised to a low red heat, the combined wafer is tliereh\ exp*- '.1, .and 
its amount determined by the increase in weight of th»* chloride of ralrnitn tuU*. 
Some ores (thu hydrated heematites) contain as much as 1 2 j>er cent, of comhin. ii wat*T. 

2 Sulphuric acid ond suiphur. From 30 to grams of tlie ore are *ligi strd with 
hydrochloric acid, filtered and wash'd The fihrat**, concentrated if n*ces*an by 
evaporation, is precipitated by great excess of chloride of barium. Krery 1< i» parts 
of the sulphate of baryta produced indicate 34 37 parts of sulphuric acid. Th** in- 
soluble res due on the tiU*'r is ftis«*d in n g<dd crucible with nitre and cariMinatc of 
soda, the fused mass is dissolved m hydr*Khloric acid, evaporated to dryness, mois- 
tened with strong acid, diluted and filtered; from the filtrate the sulphuric acid is 
precipitated as sulphate of baryta, every loo parts of which indicate 13 : 4 S parts nf 
sulphur, and 25*48 parts of bisulpliide of iron. 

In the analysis of hematites it is necessary to bear in mind that pt'rchlondc of inm 
15 partially reduced when boded with finely divided iron pyrites and b>druchIoric 
acid, sulphuric acid being formed.— X>icA. 

Fhoiphonc acid, — From 50 to 75 grains of the ore are digested with hydrochloric 
acid and filtered ; the clear solution, which should not be too acid, is boiled with 
sulphite of ammonia, added graduaMy in small quantities till it either becomes colour- 
less, or acquires a pale green colour, indic.iting that the peroxide of iron originally 
present has been reduced to protoxide: the solution is nearly nentraiis*‘d with car- 
bonate ot ammonia, excess of acetate of ammonia added, and the liquid boiled ; strong 
solution of perchlonde of iron is then added dnip hv drop, until the precipitate wlr.rh 
formv has a distinct red colour; this precipitate, which contains all the pho.«;ph(.r'c ac.d 
01 i^inally present in the ore, is collected on a filter, washed, and redis.«;olved in h vdro- 
ciiloric acid, tartaric acid added, and then ammonia. From this ammoniacal solution, 
the phosphoric acid is finally precipitated as ammonio-pho«!phate of magnesia, by the 
addition of chloride of ammonium, sulphate of magnesb, and ammonia, 'i he'pre- 
cipitate is allowed 24 hours to subside, it is then collected on a filter, and if it has a 
V cilow colour, which IS almost invariably foe case, it is redissolved in hydrochloric -acid, 
and more tartaric acid being added, it is again precipitated by ammonia; luo parts of 
the Ignited pyrophosphate of magnesia correspond to 64*3 parts of phosphoric acid. 
.{//.nfus — It was ascertained by Mr. Dick, that nearly the whole of the alkali 
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pi.- nt „I an iron ore are contained m that jmrlion which is insoluble in htdro- 
clii..Mc ac.d I he residue from about 50 grains of the ore is placed in a plarinum 
capsiile, iiK.is'cncd ruth ammonia, and exposed f<w several hours to the action of 
hydroHuoric aud pi. m a closed kaden dish ; it may be necessary to repeat the ope- 
ration if much silica i, pres.-nt ; it is then .slowly heated to di'ill redness, and dis- 
solved in dilute hydroctdoric neid ; the .solution is mlx.d with excess of baryta water 
an.i filtered ; the excess ot barjta is removed hy carbonate of ammonia, and the so- 
lution IS eva^rated to drrness and ignited ; the residue is redissolved in a little hot 
vva cr, anf a cw rops of oxalate of ammonia added. If no precipitate or cloudiness 
occurs, u may be once more evaporat.d to dryness and g.nllv ignited- the residue 
IS chloride of potassium, 100 partsvif which indicate fi.l parts of potash. Should 
oxa.ate of ammonia have oecasione.I a precipitate, it must be filtered off, -nd the 
clear Ik, „,d ev.-iporated. The s-areh for pota.sh is troublesome and lengthy , it may 
b- altogether omitted in a technical anahs's, e 
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J)e(erminatii.in of the rcmmu'.tn} con’^htut'it* — 'lU or 30 prait!'' of fir.ily powdered 
oiv .in* for a1">at \,a f au hour 'with Rtn»ti<j liMlroculoric :ivA, dilutes! m iih 

!K».lnitr di-'lilltsl watvr and lih« ii*d I'hi- rt'slliu* <>n tlu* liUvr bi'iiit; ihinonjjljly m uvlu'd, 
tlu* sohUum is pt-rovidiM el, if iu*ot'SKar\, h\ ihe addition of clilorate of jKtiash, lu arly 
iK'Utralisesl h\ aninnnua. Unled with excess of act-tatc of aminonia, and rup dly 
tilte-rod while hoi ; tlie tiUrate (which should be cohmrlchs) topetber with tlu.- wjs]j- 
nips. is receiNed in a disk, ainnioniu is a«lded, and then a few drops of bromine, and 
tho tU'k cloMd witli a cork. In a few minutes, if manpanese be present, ibe liquid 
ae'i’.iTi s a d.irk colour ; it is allowed to remain at rest for '2A hours, then warme<l, 
aii'i ra;'>d!\ filtered and w'ashed ; the hrowii s.i’.vi ii,oe ou the fill, r is hvdrated oxide 
of iiKinpancH.': it loses its water by iiinifum, a»ul tlien 1 h«-uui< - Mi»* 0‘, lot juris of 
which correspond to 03 pans of pn>to\i>ie. 

i’ho liquid filtered from the uia’eMin m * c'-ntaii tlu hint and m^njnrsiti ; the former 
1 ** precijiitated by oxalate tff amni'un.i. and the ox.iLite «‘f hme formed oiuerted by 
iL'iiition into r.iri»iiiMte, in wh.vh st tt-- .t is either weiphcd. having been previously 
eMip'>r.kt-*d With i ;rh ui.tte t>f aumuniu. or it is converted into sulphate by the ad- 
dition of .i drops «>t suljdmne acid. e\aj>oration, and ignition. The lime being 
S' {ur.ii'tl. the ni.n:n*'sia is thrown down as animomo mapm*8ian phosphate by phos- 
j>hat'‘ of sola and anunonia, and after standmpfor 2 $ hours it is collected o» a filter, 
wuslied with cold ammonia water, dried, ipuiieil. and weiph d ; lo t p..rt!» of c.ir- 
hoiiute of lime correspond to r>C‘t)<»f lime; loo part?* of suljdiatc of lime to 40 1 of 
ipne. and 100 parts of pyroj»hospliale of m.apne8ia to.3.>'7 of magnesia. 

The riMi precipitate collected on the filter after the boiling with acetate of am- 
monia. consists of the basic acetates of iron and ahtmina^ together with the pho'iphonc 
(li'iii. It is dissolved in asnull ijuantit} of hydrochloric acid, and then boiled in a 
silver or platinum bavin with considerab'e excess of pure caustic potash ; the ahinnna 
(with the phusphorie aeiil) is lureliy dissolved, the insoluble |>ortion is alh.wed to 
subside, mid the clear li-|u.<l iv ili.-n deeuiitej. after w Inch the residue is thrown on a 
filter and wash'd, tlu* filtrate an-l washings are snpersaturatid with liyirochlo; n: 
innd, iie.iil\ iK'ijti .ilivrd wiili ammon 4. and the ahiinnia finally |>rccij)itat« d by ear- 
hoiute «q‘ aninionM IVom tin* w e glit of the igniteii ]>recipitate. the corresjx.ndii'g 
amount of jiiiovjihoric acid (leteramud h\ a s.qurate operation iv to h<' deJucti ♦!, tl.e 
remainder is calculated as 'Phe r«*'i»hie U fi tifter dipi-vtinp the orew,r,i 

hvdrochloric acid, consists jirmeip ilU <»f '•j'.i-,/. hut it nia> a!M> contain alnnuu-i. pi r~ 
oyuh' of lion, lniu\ o /, and I'.-r j'’M< iieal jmrposes u is rarelv nccess.trv' 

to submit it to minute ex.iniin itioii ; should s,i<-h he disirctl. it must he dried, ignited, 
and weighed, tin n fiistd in a pl.itinum eriKihle witti four times its weight of mixed 
alkaline c.irhonatev. the fusvd mass dissolved in dilute hydrochloric acid, and evaj>o- 
rated to drj ness, the residue moistened with strong.hydrochloric acid, and after stand- 
ing at re^t for some hours, digested with hot water, filtered, and the siUra on the filter 
ignited and w eighed. The alumina, lime, oxide of iron, and magnesia in the filtrate are 
Separated from each other according to the instructions given above ; the potash is esti- 
mated by a distinct process. 

Carltonic acid, — This’ acid, which constitutes a considerable part of the weight of 
that large and important class of ores the clay ironstones, is estimated bv noting the 
loss sustained after adding to a weighed portion of the ore sulphuric acid, and thus 
evolving the gas; or more roughly, by the loss sustained iu the entire analysis. 
Another method is to fuse :!0 or 25 grains of the ore with 60 or SO grains of’drv 
borax, and noting the lo^s, which consists of water and carbonic acid ; by deducting 
the water obtained in a pre\i"UN ex)*erimigit, the quantity of carbonic acid is olv 
tained. This metliod. however, can scarcely be recommended, on account of the cor- 
rosion of the crucilde. though the results are very accurate. 

Veitnninufion of the inm — This is performed on a separate portion of the ore, 
cither by tlio volumetric method of Marguerite, or by that of Dr. Penny ; both give 
very exact results. Marguerite's method is based on the reciprocal action of the 
salts of protoxide of iron and ^nnanganate of potash, whereby a quantity of the 
latter is d^omposed exactly proportionate to the quantity of iron. Tho ore 
(about 10 or 15 grains) is dissolved in hydrochloric acid, and the metal brought to 
the minimum of oxidation by troJting the solution with sidplnte of sixla i or lutter, 
sulphite of ammonia), and boiling to expel the excess of sulphurous acid ; the soluti.m 
of permanganate of potash is then cautiously ad-Ud drop bv drop, until lh ' junk 
colour appears, and the number of divisionS^f the burette required for the purji-'se 
accurately noted. The solution should he considerably diluted, and there must be a 
sudicient quantity of free acid present to keep involution the peroxide of iron formed 
and ajap the oxide of manganese. The wliole of the iron must be at the vunumitn 
of oxidation, and the excess of sulplumms achl must be completeK expilh?il; if 
tliehttu- pr cant. on be neglected an erroneous result wid bo obtained, a*; the sul- 
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phuroiis acid will itself take oxygen from the iKrmanganic acul, and thus react in 
the same manner as iron. 

To prepare the periuanganale of pota-fi, 7 pans of chlorate of jH>ra^«.a\ lo ;'ar:s of 
hydrate of potassa, and 8 parrs of j>.‘ro\ule of inans^tu se are jntimatei> huxihI I he 
manganese must he in the fine^rt i-os-^ihle iM.mreicr, and the j)ota?«h havins Kvn 
soIt^ in water, is mixed with tlie other suhstanee*, lined, and the wh..ie h«at. d to 
very dull redness for an hour. The fus<’d ina^s digt sted » :th wati r, to o! 

as concentrated a solution as possible, and ddnle lutnc ac.d add«il tdl the colour 
becomes of a l>eautifal violet; it is afterwards filtered through a^hi.^lo^. 1 he s>>ltition 
must be defended from the contact of org.inte matter, and kept in a Mop|-<red 

bottle. If the solution be evaporateil il viehU Iwautiful red acu'ul.ir ir\st.iU it 
better to employ the crystals in tiie preparation of the test lupior. as the k< t jrs 

much belter when no muntjuimfe is present. To prejurc the normal or li st l. jui.r, 
a certain quantity, say 1.') grains, of piano forte wire are dissolseil in pore b vinv- 
chluric acid; after the disengagement of hydrogen has ceased, and the Mdutiou n» 
complete, the liquor is diluted with alnmi a pint of water, and accoratcl) disidid by 
measurement into two tqual parts, the uumlier of burette divisions of the solntii n of 
permanganate required to produ^> in each the pink colour is accurately not<*iI . and 
this nunrber is then etnplnyt>d to reduce into weight the result of the analysis of an 
ore. A useful normal liquor is made by dissolving loo grains of the crystalliMd 
permanganate in 10,000 grains of water. 

Penny’s method IS based on the reciprocal action of chromic acid and 
iron, whereby a transference of oxygen take*; place, the protoxide of iron I e* ommg 
converted into peroxide, and the chromic acid into sc.^qiuoxidc of chronoiim. '1 he 
process is conducted as follows ; — A convenient quantity of the sj eciinen n duc» d 
to coarse powder, and one half at least of thu is still funler pulvtriM*d uniii ii i« no 
longer gritty between the fingers. The test solution of Idchromate of potash i- next 
prepared: 44 4 grains of this salt in fine powder are weighed out. and put into a 
burette graduated into 100 equal parts, and warm distilled water is afterwards poun d 
in until the instrument is filled to o. The palm of the hand is then stxurely piart d 
on the top, and the contents agitated by repiatedly inverting the instrument nniil tho 
salt is dissolved and the solution nuidered of uniform di nsiij throughout, r.ich dii i- 
sion of the solution thus prepared contains 0 444 grains Of huliroin.ifr. wImIj Or. 
Penny ascertained to correspond to half a grain of mctaliic iron '1 lu- biohiumaic 
must be pure, and should be thoroughly dried by being heated to incipieni fuMon. 
100 grains of the pulverised iron-stone are now introduced into a Florence flask w ith 
oz. by measure of strong hydrochloric acid and ^ oz. of distilled water, lit at ns 
cautiously applied, and the mixture occasionally agitated until the effervescence 
caused by the escape of carbonic acid ceases, the heat is then increased, and the mix- 
ture made to boil, and kept at moderate ebullition for ten minutes or a quarter of an 
hour. About 6 oz. of water are next added and mixed with tlie contents of the fi.isk, 
and the whole filtered into an evaporating basin. I’hc Ibisk is rinsed Hv. ral tiims 
with water, to remove all adhering solution, and lli«? residue on the filter is w cil w „>.}h d. 
Several small portions of a weak solution of nv/ pnis>uite of ptota.sh (« outlining I 
part of salt to 40 water) are now dropped upon a white porcelain slab, which is 
conveniently placed for testing the solution in the basin during the next ffperation. 
The prepared solution of bichromate of potash in the burette is then added \>ry 
cautiously to the solution of iron, which must be repeatedly stirred, and ns «;oon it 
assumes a dark greenish shade it should be occasionally tested w ith the red prii*.Mafe 
of potash. This may be easily done by taking out a small quantity on the end a L^la^s 
rod, and mixing it with a drop of the solution on the porcelain slab. AVhenit is not Kid 
tfiut the )a.st drop communicates a distinct blue tinge, the operation is terminated , the 
Inirettc is allowed to drain for a few minutes, and the number of divisions of the le*^ 
liquor ccmsnmed read off. This number multiplied by 2 gives the amount of iron 
percent. The ne*-e.'-sarv calculation for ascertaining*tlic corres[»oiuling quantltv of 
protoxide is ohMuiis. [f the specimen should cont;^in iron in the form of peroxulc, 
the hydrochloiie soiiUion Is deoxidised as before by sulphite of animom^. The pre- 
sence of peroxicie of iron in an ore is eiu^Iy defected by dissolving dO or 40 grains in 
hydrochioric acid, diluting with water, and tc'^ting a portion of the solution with sui- 
phan/anule of potusswm. If a deu«led blood-red colour is pro<luced, peroxide of iron 
is present. If it be desired to ascertain the relative proportions of peroxide and 
protoxide of iron in an ore, two operatums must be performed : one on a quantity of 
the ore that has bi-en dissolved in hydrochoric acid in a stout stoppered bottle ; and 
another on a second quantity that hes been dissolved as usual, and then deoxidised by 
sulphite of ammonia or by metallic zinc. It is advisable to employ the soUtion of 
biehromate iisueii weaker than proposed by Dr. Penny, and to employ a burette 
graduated to euh.c nulhinetres. A good strength is I grain of inetaliic iron — 10 
cubic centimetres of bi<djroinate. 
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Metals precipitahle hi/ sulphuri (fed hi/ Irt^o* n frvm the ht/iliochhirn- sohitum . — A 'Mreip’hed 
portiDiJ of the ore ^a^y^llr frt>n» lioi) to 2 «k)o jjniins is dijrested lor a i'>:iMjrraMc time 
in hydrochloric acid, ihu solution is tiliere# off : the iron in the tiitnrc r«.duci.d wlioii 
necessary by sulphite of ammonia, and a current of sulphuretted h\dropi.n pass'd ibnaiiih 
it. A small quantity of sulphur which is always sus|>tmded is collected on a l.iter and 
thoroughly washed; it is then incinerated at as low a temjK'ralure as pos-wd,;,.. 'ph,. 

-residue (if any ) is mixed with carbonate of soda and healed upon charcoal l ef'ire the 
blowpipe : any globules of metal that may be obtained are dissohed and tt'-ted. 

.4/1 ih/sis of pig iron, — Tbe most uiiponant const. tuints to K* determined are ciirh'in 
(combined and uncombined). riAron, /y/<e<;>A«*rw« ; tho^e less consequence, 

or of more rare occurrence, arc maugnuc'^e. ursemr, (■'pjitr, H'lr, chivuninn. titanium, 
Cdhait, nickel, tin, aluminum, r ilcium, mdanesiuin. and tli • m i f iht aikalus. 

1 . Determination of the u.t-il o»h"/'-.; tf i\i/ ^>i>n — .\b“Ut loo gr.uns of tiie iron in 
small pieces are digested, at a iikkI' r.oe t» mperature. m r>.o 2 . measures of a solution 
formed by dis^ohing b <•/. of ci \ d sulj»bate of copper, and 4 oz. of common 
salt in ibt o/. <.f waIky and 2 •■/. »d concviitraied hydrochloric acid. The action is 
allow, d to proe. e<l until all, or nearly uil the iron ts dissolved. Carbon and copper 
are lett in''-luble ; tlie^e are collected on a filter, arid washed first with dilute hydro- 
cnlorie aeid (to pre\ent the precipitation of sub-chlori le of copper\ then w#th water, 
then with dilute caustic potash, and finally with boiling water. The mixed luibon 
and copj>er are dried on the filter, from winch they are easily removed by a k, ife 
blade, and are mixed with oxide of copper, and burned in a combustion tube iii ilie 
usual way, with a current of air, or, still belter, of oxygen. The carl>onic acid is col- 
lected in Liebig's apparatus, from which the amount of carbon is calculated. 

2. (iraphite, or tinminhiui'ii nttlmn . — A weighed portion of the finely dividt*d iron 

(liliiig* or borings may be used) is digested with moderately strong hydrochloric 
acid, the combined carl»on is evolved in combination with hydrogen, wlole lie 
grapbiio is left imdiss«il\ ed. it is collected on a filler, washed, and then bmldl 
with a solut.oii itf cauvt.c pota'ih, sp. gr. I '27. in a silver dish; tin* silica which 
I \i't'‘d ui tlie iron m tlu’ fomi of Mbcon is hereby diS'*ol\e<l: the ch ar cauvju' sdhi- 
t'on IS dra\<n otV by a pip.* or syplion. and tbe black re'.idue ri]>e.«hdly I . it 

is lined at a.s high a tv.inpciauirc as it will bear, ami \\cigbvil ; it i< tbcii b- I lo 
rcdncRS in a current of air. mini the « bol * of tbe cai bon is b .rut * tl. A r« (hii-lj i\- 
s.due generally remains, vlnch is Mciglud. ami tbe w<-ight deducted trom th.it of 
original black residnc, tin* tldl.-reiiee cives the amount of grajdme. 

d. iV//<coH — 4'iie amount of this eh lueiu is (Uurmined by evaporating to dry nc.ss 
a hydrochloric solutuui of a weighed quantity of the metal : the' dry rescue is ro- 
digesied vMth liyilroehioric acid. ’diluted with water, boiled and filtered ; the insoluble 
matter on the filter is washed, dried and ignited, until the whole of the carbon is 
boiled off ; it is then weighed, after which, it is digested with solution of potash, and 
the residue, if any, washed, drieil, igtiited, and weighed : the difference between the two 
Weights gives the amount of silicic acid, 100 parts of which indicate 47 parts of silicon. 

Phosphorus. — A weighed portion of the metal is digested in nitro^iYdrochloric acid, 
evaporated to dryness, and the residue re-digested with hydrochloric acid. 'J'he solution 
is treated precisely.as recommended for the determination of phosphoric acid in ores ; 
every U >0 parts of pyrophosphate of magnesia indicate 28’5r> parts of phosphorus. 

Sulphur . — In grep iron this element is very conveniently and accurately estimated 
by allowing the gas evolved by tbe action of hydrochloric acid on a weighed quantiiv 
(about 11)0 grains) of the metal, in filings or borings, topass slowly through a solution 
of acetate of lead ari lified by acetic acid : €ie sulphur, the whole of which takes the 
form of sulphuretted hydrogen, enters into combination with the lead, forming a black 
precipitate of sulphide of lead, which is collected, washed, and converted into sulphate of 
lead by digesting it with nitric acid, evaporating to dryness, and gently iguitins ; 
KM) ])arrs sulphate of lead =• 10’j5 sulphur. The most minute quantity of sulphur iu 
iron is detected by this process. If, however, crude n hue iron is under examination, 
this method does not give satisfa^ory results, on account of the difficulty with which 
it is acted l|pon by hydrochloric acid ; it is better, therefore, to treat the metal with 
nitro-hydrochloric acid, evaporate to dryness, re-digost with hydrochloric acid, and tli' n 
precipitate the filtered solution with great excess of chloride of barium . or tin* fnuly 
divided metal may be fused in a gold crucible with an equal weight nf pun* nitrate of 
soda and twice its weight of pure alkaline carbonates ; the fused mass is extracted 
with water acidified with hydrochloric aci&, and finally precipitated bv chloride of 
barium. 

Manqanesc . — This metal is determined by thwprocess described for its estimation 
in oresw the iron must exist in the solution in the form of sesquioxide. 

Arsenic and copper. — The nitro-hydrochloric solution of the metal is evaporated 
(o dryness, re-digested with hydrochloric acid, and filtered. Tbe iron in the clear 
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solotion if reduced to protoohloride by boiling; with a sufficient quantity r>f «>ul| lute 
of ammonia, the solution h boib d ttil it has lost alt xtnell of sulphuro :i> .1. It i« 
then saturated with sulphurettiMl bydro^m. and aliow^'d t» jttand for J4 b- ur<« :n a 
closed Tessel, the excess of gas is boded «*ff, and the pn-eipstaie. if any. ct»,Uctt-d *.» a 
small filter and well washed; it ts di^esteii with tiionosulphide of whxh 

dissolves the sulphide of arseiuc. lea\m}f the sulphide of cop|HT untoiiehtd . the 
latter is decomposed by heating with nitric acid, and the presence of c..pjH*r i > trie- d 
by the addition of ammoni.i, which pr«Mluces a fine blue co'oir ; the suiph:<ie <>f 
arsenic is precipitated from its solution in sulphide of potassium hy dilute suiphur:c 
acid ; it may be redissolved in uqua and the mine acid ha\ ing iHt-n i xfH. Ued by 

evaporation, the arsenic may K* re<iiiced m Marshs appar.iiiis 

2sickcl (tml cohitlt . — These metals, ifpris«*ni, wdl he found in the frotn wb t h 

the copptT and arsenic have been precipiiate<l hy sulphuretted hydrojf< n The si.iut.ori 
is peroxidised, and the sesquioxide of iron precipitated by slight excess of i 
of baryta, after which the nickel and cohalt are prccipitAted by sulphide of aniirion.uni. 

Chrnmittm unii runfttitnm . — These metals which should be looked for in tie < 
bonacetms residue obtained by dissolving a large quantity of the iron in ddut** by- 
droclilonc or sulphuric acid are detected os follows ( Wtihler) : — Tlie ignited residin' 
is intimaMly mixed with one-thii% of its weight of nitre, and exposed for an h«nir in 
a crucible to a gentle ignition. When cool, the mass is powdered and boded «.th 
water. The filtered solution is gradually mixei! and well stirre<l with nitric acid, 
taking care that it may still remain slightly alkaline, and that no mir mis ?v.‘\ 
liberated which would reduce the vanadic and chromic acids. The solution m then 
mixed with an excess of solution of chloride of barium as long as ntu ]>ri'C)pitate i« 
pri>duced. The precipitate, which consists of vnnadiate and ebromat* of h.ir>ta. is 
decomposed with slight excess of dilute sulphuric and, nod filtered. The fiitr.ite is 
neutralised with ammonia, concentrated hy evaporation, .ind a fragment of chloride 
of arnmonium placed in it. In proportion as the inlution becomes salurared with 
chloride of ammonium, vaiiatlate of ammonia is deposited as a while or %«liow 
crystalline powder. To test for chromium only, the ma.ss after fusion with nitre is 
extracted with water, and then hoiUd with carlxmate of ammonia ; the solution is 
neutralised with acetic acid, and then acetate of lead adrb d ; the production of a 
yellow precipitate indicates chromir acid. 

Aluminium. — This metal is liest separated from iron, hy first reducing the bitter to 
the state of protoxide by sulphite of ammonia, then neutralising with carhon.'ite of 
soda, and afterwards boiling with excess of caustic potash, until the precipitate is 
black and pulverulent The sidution is then filtered off. slightly acidulau-d with 
hydrochloric acid, and the alumina precipitated by sulphide of ammonium. 

Calcium and magnesium. — These metals are found in the solution from which 
the iron and aluminium have been separated ; they both exist probahlv (together with 
the aluminium) in the cast ir-.n in the form of slug, and are best deteefod m th" black 
residue which is left on dis.'=oIving the iron in dilute sulphuric or liydrochionc arid. 
After digesting this residue with caustic potash, and burning away the'graphil.'. a ^niail 
quantity of a red powder is left, which is composed of silicic acid, oxnle of iron, 
alumina, lime, and magnesia: if grains of cast iron .are operated u[>on. a sntli- 
cieiu ijuaijtity of insoluble residue will be obtained for a quantitative deleruunatiou ot 
Its constituents. — 11. M. N. 

IRON-BRIDGE, See Tdbes. 

ISINGLASS (Co//e de Poisson, Fr. ; Hausenhhtsc, Germ.), Ichthvooolla, IxB^KoXXa, 
from a fish, and K6\\a, glue, or FjHi glue, is a whitish, dry,' tough, seini*trans- 

parent substance, twisted into different shapes, often in the form of a Ivrc, and 
coiisistin": of membranes rolled together. Good isinglass is nnchangeable in the air, 
has a leathery aspect, and a mawkish taste, nearly insipid ; when steeped in cold water 
It swells, softens, and separates in membranous lamina;. At the boiling heat it dis- 
solves in water, and the solution, on cooling, forms a white jelly, which is semi-trans- 
parent. soluble in we.ak acids, but is precipitated from them by alkalies It is gelatine 
nearly pure ; and if not brittle, like other gine, this uepends on its fibrous and elastic 
texture. The whitest and finest is preferred in commerce. Isinglass is prepared 
from the air-hladders of sturgeons, and especially .he great sturgeon, the Arepemer 
huso, which IS fished on the shores of the Caspian Sea, and in the rivers flowing into 
It, tor the sake chiefly of its swimming bladder. It is also obtained from the A. stel- 
lalus, and the A Guldenslmkn. We arc Siformed that in Russia the Stluru qlanis is 
alsso caught for the purpose of obtaining isinglass. 

The preparations of isinglass in Jlii.ssia, and particularlv at Astracan, consists in 
steeping the swimming bladders in water, removing carefully their external C(»t, and 
the blood which often covers them, putting them into a hempen-hag, squeezing them, 
softening Ihein between the hands, and twisting them into small cylinders. They are 
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ready for the market immediately after being dried in the sun, and ^vbltened viih the 
fnim> «»f hurning ‘•ulphnr. 

In sitme disiriets <»t‘ MoKla\i3, another prJbess is followed. The ^kin. the stomach, 
the Miit**‘tin#s. and the swimming bladder of the sturgeon are cut in small jneCvS 
hteejied in Cold water, and then gently boiled. The jelly thus obtained is sprtad in 
th.n ict\ er'. to dry. when it assumes the appearance of parchment. This being softened 
in a little w.ittr, tlun rolled into cylinders, or extended into plates, constitutes an 
inti Viur article. 

The swimming bladder of the cod and many other 6shcs, also furnishes a species of 
i^inidass, hut it is much more membranous, and less '•oluble tlian that of the sturgeon. 

Tlie projierties of isinglass are the same as those of gelatine or pure glue ; and its 
u'les are very numerous. It is eniphned in consulerahle quant ities to clarify ale, wine, 
I queurs, and coffee. As an article »»f food to the luxurious in the preparation of 
creams and jellies, it is m gre.it reqin ‘*t. Four parts of it couvert 100 of water into 
a tremulous ielU, >*hich i'^ emplo\«d to ei.rich many soups and sauces. It is used 
alontr with gum as a dr. ssnig to i!i\e lu'-tre to nbboos and other silk articles. 

It IS h\ eo\.rini: thin sdk with a coat of isinglass that court plaster is made. A 
soliui .n of isinglass cmeredwiih carmine forms an excellent injection liquor to the 
anatomist. M. Hochen has made another pretty application of isingli^ss. He 
plung. s into a limpid solution of it,. made by means of a water-hatb. sheets of wire 
giU7c set in window or lamp frames, which, when cold, have the appearance of glass, 
ami answer instead of it for shades and other purposes. If one dip be not sufficient to 
make a proper transparent plate of isinglass, several may be given in succession, allow- 
ing each film to harden in the interval between the dips. The outer surface should 
he \arnished to protect it from damp air. These panes of gelatine arc now generally 
U'cd for lamps instcail of horn, in the maritime arsenals of France. — See Gelatine. 

Isintrlass is known commercially as Lt'nf lAmq ami slwrt staple, and 

HtHik I'-inijIass. Dr. Uo} lo speaks of the Htunttvcp U’uf, hook, and lonq anti shot t sinplc. 
in hi< paper (in the Vt ixiuction of I^inqliisK nltnuj the nxi-./s of Jniha, u ifh a Soiire oj its 
We rec ne from the Uia/iK. Ihpt, Lump, and Uoiiet/conih I.sinqia'.s. 

Onr importations of Isinglass in and li*ri7, were 


Countries from wliicli Impc.rtcl 

1 


; \a! .■ 

1'' O. 

>-,7. 

j IS'.lu 

IS-.7 


Cwts. 

C»t6. 

£ 

£ 

Russia - - - , - 

525 

861 

20, .598 i 

33,7.51 

Pru-sia ----- 

166 

- 

6.509 


lianse Towns - - - - 

47 

21 

1.8S8 

235 

1 Philippine Islands - - - 

48 

35 

388 

3J7 

Hrazil ----- 

' 440 

365 

6,111 

5,840 

British East Indii^ - . . 

233 

105 1 

1,890 

980 

British Guiana - - . - 

87 

51 

1,451 

1,0114 

British N. America - - - 

! - 

30 

- 

1 413 

Other parts - - - - 

7 5 

23 

1,852 

1 389 

Totals - - - - 

1621 

• 

H93 


£42.041 


1S<)MERTSM, from ktos, equal, and pfpo^, part. Identity of elements and pro- 
portions with variations in jdiysical properties. Thus, oil of turpentine and oil of 
citron are isomeric, each having the composition The study of the laws of 

atomic constitution is one of the most important within the range of physico chemical 
science, and beyond all others, it demands the highest powers of the philosopher, 
united with the mechanical care^jiif the microscopic analyst. The tendency of science 
leads to th% conviction that many of the bodies whiclr we now regaixi as distinct 
elements are only isomeric ; and s\jch groii]M as chlorine, iodine, bromine, and fluorine, 
as sulphur, selenium, and boron, and as carbon and silicon, may with the advance of 
our knowledge be shown to be modified conditions of one form of matter. This 
subject will he fully treated in Tire's X>iWionory of Chemistry. 

ISOMORPHISM. Mitscherlioh was the first to observe that many groups of sub- 
stances, simple or compound, having an analogous constitution, crystallise in forms of 
the same crystalline character, or differ hut lirttle in their angles. Thus, alnminaj 
red ojr^c’Of iron, and oxide of chrome crystallise in forms of the rhomhohedral system. 

Carhynate of lime, carbonate of magnesia, proioxuie of iron, protoxide of manqantse^ 
and oxide oj Ime are also isomorphous forms belonging to the rhombohedral system. 
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Sulphate of barfltM, nUphate n/ slrnntm, and <‘rije ef had cryiialliu' m u n i rj lrc 
forms of the prismatic system. 

For a developmeut of this Uw, consuU<itr>Kihc aii*l MiiU-r’s ai. i i'» 

S^em of Miueraltuty. . 

IVORY, (froirr, Fr.; AZ/t'/iAciH. <**'rm ) Ti»* oss4..ius ma:t« r of tin tu.ks ai. 1 1- 1 *li 
of the elephant, and of the tu.sks of ilo* hi) popotaouis. .in-i the lioni of the t,-ir s ha!. 

From a valuable paper read hy I’rofesv.r <>«en Ix tore the >.« i. ly of Sn* n 
Tfeeember. 1856, we extract the following uujHirtant noiiees on the growth and lorma- 
Uon of ivory ; — 

“ The substance of the teeth of other aituiiaU, beside the eleph-iiit. .s an art; d 

commerce. Formerly, the name ivory was given to the main '...h.i.i... .■ oi il, 
teeth of all animals, but it is now, by the b«-st anatomists and phjs.ol. r- sir . . 

to that modihcation of i/entme. or tooth snbalance, which, in Imnsiers.- »« . i.ou. . 
fractures, .shows lines of different coloora, or stria, ^rocce<ling in th. .ir.- o! .i 
circle, and forming by their decussation minute or curvilinear tnMngr-tha|e-d -pi . - 
liy this clmract T, which is presented by every, the smallest portion of an el. pi .mi - 
task 111 transverse section nr fracture, tme ivory may be dittingnisbed (bom e- i'y 
other kind of tooth substance, and from every counterfeit, whether derircil fr.im 
tooth or bone. It is a character, —^hia engine-turned decussalory appearance, — w h . n 
is as characteristic of fossil as of recent ivory. Although, h' wi s, r, no other teeih 
except those of the elephant present the characteristics ot iriic non, th. re ,re tei.ih 
in many other species of animals which, from their large si/i , and ili.- .1. i,. n..''.y 
principal substance, are nseful in the arts for piirpimes analogou.s t.. tli .o foi .>i,.ch 
true ivory is used s and aome of those dental tissues, such as ihos... of th. I.irg. m-k- 
of the hippopotamns, are more serviceable for certain piir|Kis s, esi.ri.iili in il,.' 
manufacture of artificial teeth hy the dentist, than any other kind of tisdh siihst m,-. , 
The utility of teeth in commerce and in the aru, depsmds chiefly on a l>eruliar mok, - 
fication in their laws of growth. For the most part teeth, as in our own fr.iii . 
having attained a certain sue and .shape, cease to grow. They are inca[)ahle of r. ■ 
newing the waste to which they are liahle through daily tisi.. and when worn aw in 
or affected by decay, they perish. Teeth of this kind are said to W of liniiUsl growth . 
bat there are other teeth, stieli as the front teeth of the rat. r.ihbil. and .ill iln r 1, i,' 
tribe, the tusks of the boar and hippopotamus, the long ih sc, n Inii; i .m ii. in-ks ..t 
the walrus, the sail .longer spiral horn-likc tusk of the narwhal, iind tin' imn tusks 
of the elephant, tflHch are endowed with the property of periielual growih; tliat is. 
they grow as long as the animal lives. 

“ In teeth of unlimited growth, fresh pulp, fresh capsule, and in acme instances aU) 
fresh enamel organs are formed, and added to the pre-existing constituents of tin* 
tooth matrix, in proportion as those are ealcifi.'d or converted into timth substance ; 
and as fast as the ivory and enamel may K> worn a« .iy from tlio siiinnnt of such a tooth, 
will ivory and enamel be formed at its base, and thus the growth of the tooth is iiinii.' 
terriipted. The ratio of the addition of the formative pnnci|il. s i- at first gr, nt.T than the 
ratio ot abrasion, and the tooth not only grows, but iccr.-ascs in s.;;,. Wh. n. In, ■ . 
ever, the animal has attained its full growth, the tooth for the nin-t j.art is r. i.i.-inc d 
witliout increa.se of siz.,’, or at most, angmeiits only in Iciiglh. and that in cas, - w l,..r, 
Its summit is not perpetually worn down hy Wing opposed to lli.it of an opposite tooih " 

With respect to the distribution of the elephant, the same high aiiilioritt lia.s tli- 
following remarks ; — 


In the present creation, elephants are restricted to the African and Asi.itic con- 
tinent. Ihe African elephant, as is well ^nown, is a distinct species from the \si.itic 
one ; and some of the Asiatic elephants of the larger islands of the Indian Archipclaito. 
as those of Sumatra, if not specifially distinct from the elephants of Continental Asia, 
form, at al events, a strongly marked variety. With reference, however, to the cni- 
nicrcial relations of ivory, it is chiefly worthy of notice that in the Asiatic elephants, 
tu.sks ot ,1 size which gives them the value of ivory in commerce, arc peculiar to the 
ma cs, whilst in tfic African elephants, both males and females aff.ird good sized 
tusks, although there is a s. xiial difference of size in this species, those of the males 
being the largest. In former times, and, as it would seem, before man existed to 
avail himself ot this beaiititiil animal siihstance 'for use or ornament, the large 
animals tumishing true ivory-proboscidiaii .|ii,idniped.s, as they are lemicd. from their 
peculiar prehensile nasal appendage, were much more widely spread over the glohe 
and existed m far greater niimhers thaff in the present dav. more nmnerons in indi- 
viduals. more namerous in species, manifesting so great diversities in the confor- 
m.iimn of their grinding teeth, as toJiave led the naturalist and the paimontologi-t to 
divide tiiem into two genera, cillcd El, pit, it and A true elephant rmumul in 

countless herds over the temperate and northern parts of Europe, Asia, and America. 
I his was the creature called by the Russians, Mammoth; it was warmly clad with 
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both hair and fur. as beoamt* an animal dorivinp sustenance from the leaves and 
liranoli.'S of tree«. mIui'Ii prow as hiph as ilu* O'ith degree of north latitude. Some of 
the lYorv of ctunnK-rce i'*, or used to be, 4enved from the tusks <.f this exlioct 
S’” 

I'he i\ ory of the tusks of the African elephant is most esteemed by the manufacturer 
for us density and vrhiteness. 

Tlie outside of the tusk of the elephant is covered by the cortical part, vrhich is 
.Rifr.-r ard less compact than the interior substance, with the exception of the brown 
plit<‘ that sometimes lines the interior cavity. The hardest. t<*iighest, whitest, and 
m 'st translucent ivory has the preference m the market ; for many pu! 7 >oses the 
h -rn of the narwhal being considered the btst. The horn of the narwhal is somC' 
liM-,es ten feet long. 

The ivory of the hippopotamus pn fern >1 by «i. nt Ms; it is much harder than that 
«if thf eh-phant, its colour i-' a puiir white, and li is almost free from grain. The 
t' fh tif thr* walru''. som. tipo (mH* 1th* s, cow, which hang perpendicularly from the 
‘MM” *■ i t-’V the pvirpose. The masticating teeth of some of the 

I'll j”-- 'inniKiU nr*' < c* .isU'uuIIn us. «l ;t8 ivory ; those of the spermaceti whale are of a 
tl itt. u il ^^\ d ■ i .on. :ind rewmhie ivory in st^ctioa. but they are dark coloured towards 

til litre, and ‘»arround<'d by* an oval band of white ^\ory. ^ 

1 1 ory has U'en used for ornamental works from the earliest periods, rhidias is 
sfit. «l to have been famous for his works made in ivory combined with pdd. au l 
d*'Srnhed as the Torrntic Art The ivory statues of the ancients appear tt> have been 
formed upon centres, or cores of wood covered with plates of ivory. 

In our days ivory has been extensively employed by the miniature painter ; it is 
used hv the turner in the manufacture of nunilicriess useful and ornamental articles ; 
the cutler makes hi<» best knife handles from it ; and the philosophical instrument 
maker rrmstructs h;s «ea!**s from tins material. 

When i\<»ry vliowc craehs or fissnr* s m us subManee. and when a Splinter broken off 
has a dull .i**)!* r\. u is reekon. .) of mf.-rjor valm*. hory is djjitinpiu^liaMc from N^me 
by Its peeiil ar s< uii tran-]* ivent rhomboln*dral iiet*work. w Inch may be readily sci u 
lu shps of ivory cut trausverwly. 

Ivory is very apt to take a yellow-brown tint by cvposiire to a'r. It may be 
whitened or bleached, by rubbing it iirst with ponmbMl j>unjice-stonc an I water, 
tlien placing it moist umler a glass shade luted ti* the si*le at the bottom, an I * \poMiig 
it to sunshine, 'bhe t«unheaiu5» without tlie >lu<lc would be a)'t to occasion lissurts lu 
the ivory. Tlie moist rubbing and ex|'osurc may he repealed se\eral times. 

F’or eiehing ivory a ground made by the tbllowing recipe is to be applied to the 
poh.shed surface: — Take of pure white wax, and transparent tears of mastic, each 
one ounce ; asphalt, half an ounce. The mastic and asphalt having been separately 
ri'duced to fine powder, and the wax being melted in an earthenware vessel over the 
fire, the mastic is to be first slowly strewed in and dissolved by stirring ; and then the 
asphalt in like manner. This compound is td be poured out into lukew arm water, well 
kneaded, as it cools, by the hand, into rolls or balls about one inch in diameter. These 
should be kept wrapind round with tafFety. If white resin be substituted for the 
mastic, a cheaper composition will be obtained, which answers nearly as well ; 2 oz. 
asphalt, I oz. resin, A oz, white wax, being gOf>d proportions. Callot's etching grv>und 
is made by dissolving with heat 4 oz of mastic in 4 oz. of very fine linseed oil ; filler* 
ing the varnish through a rag, and bottling it for use. 

Either of these grounds being applied to the ivory, the figured design is to 
be traced through if in the usual way, a l^dge of vax is to be applied, and the 
surface is to be then covered with slromr sulphuric acid. The etlect conies better out 
with the aid of a htflc heat ; and by replacing the acid, as it becomes dilute by ab- 
sorption of moisture, with concentrateil oil of vitriol. Simple wax may be employed 
I s e.id of the copperplate engravers’ ground *, and strong muriatic acid instead of 
sulphuric. If an acid solution of silver or gold be used for etching, the ^sign will 
become purple or black on exposiye to siinsbine. The wax may be washed away with 
oil of turpeoMne. Acid nitrate of silver affords the easiest means of tracing permanent 
black lines upon ivory. 

Ivory may be dyed by u-sing the following prescriptions : — 

1. lilark dye, — If the ivory be laid for several hours in a dilute solution of neutral 

nitrate of pare silver, with access of light, it will assume a black colour, having a 
slightly green cast. A still finer and deepet black may be obtained by boiling the 
ivory for some time in a strained decoction of logwood, and then steeping it in a solution 
of red sulphate or red acetate of iron. • 

2. dye. — When ivory is kept immersed for a longer or shorter time in a dilute 
solution I'f 'iulphate of indigo (partly saturated with potash), it a^umes a blue lint of 
greater or less intensity. 
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3. Green dy#. — This is giwn h\ hUunl ir4>rv a i i:l *hv.f in * >!./. -n ..f 

nitro'inariate of tin, and ih. n in a h n *Lc*>ctM*n ••!' 

4. Yethw d^t — is pivvn b\ iii»|*r»gna^nu' ij.-t wrh •; :\b- . u.^ - -t: t. 

and th».*n digt-siinir it with h^*it in a !»irHK>»d •‘«*t <»:i * ! !- 1 > -■ r j > 

into orange, if some Bnwil ntNul has W» n in.\i-«l »ifh t!«’ J .«.» <■ \ \. r\ t 

changeable vellow may he «'nnitnun»^ it«d i<> jr.irv h% >t*‘ j- s «• ;{ 1 - r ; t ) .i 

stmng solution of the neutral ehroinai** 4»f )>o(ash. and tto j .t J r n.. ; n »• 

in a boiling hot solution of acetate of had 

5 Hetidye — may be given by imbuing the is4»r) fir^t with the tjn ir od in*. \h n 

plunging it in a bath of Hrazil »o4mI, ctH'hffual,«*r a <»r the i«>« K»> <!;• t- u 

be used with still more advantage, to pnxluce a scarl« i tint It the t 

pluniri‘<l for a little in a solution of {M>tash. it wtll lK‘«'onj»« <>hrrr\ rnl 

6. Viviet dt/e — is given m the logwiuxi hath, to i%4>ry preM< n»-.y m r bnt. f r i 
short time with solution of tin. When the hath Wcomes exhaujttnh (t uiij* rt-. .\ .i' 

hue. Violet ivory is changM to purp!e-rcU by steeping it a little while in w.it. •• < 
taming a few drops t f nitro tnunatio acid. 

With regard tody cing ivory, it may in general be observed, that the colours p. - 1 tr is- 
l)etter before the surtace is p«>lished than afterwards Should any dark •p‘>tH a;-: • ar. 
they ma" be cleared up by rublAig them srith chalk ; after which the iv«»ry shot.i i I .• 
dyed once more to produce perfect ttoiformity of sha<h'. On ink .ng it out of iln- N-o t g 
hot dye bath, it ought to be iramedialely plunged ini** cfdd watt r. m jn» t t nt ih.- rhai.. •• 
of fi'Siircs being caused by the heat. 

If the l)onngs and chips of the ivory«lurner, called ivory dust, hf h .i!» -1 m water, 
a kind of 6ne size is obtained. 

Icory made JiexihU * — Ivory articles may be ma !•’ Hoxihle and seir.!*tra'*iparrnf. hy 
immersing them in asolution of pure phosphoric acid *»f sp gr. I i;hi,an<l Iravmgih* in 
there till they lose their opacity ; they are then to In* taken out. washed with wn:- r, 
and dried with a soft cloth; it thus becomes as flexible ns leatlu-r It hard* m* * ;i 
exposure to dry air, but resumes its pliancy when immerud in hot water. >'* » of 
children's sacking bottles arc thus made. 

It is not oar intention to enter into ilu- consideration of the handicr.ifts employ i- - 
ivory, but a short account of the meth^Hls of prep.iring iliis b* rmt.ful n at* n d, w 1, » !i 
we extract from floltzup^'iCs Merhttntatl Monipulutu-n, w it| h*‘ j)f \ ul i-' 

“On account oftbe great value of ivory, it requires c«ms:d< r.iMe j id nn- nt to he 
employed in its preparation, from three conditions obserxable in the tonii of the lu^k . 
first, its being curved in the direction of its length ; sec'-ndly, hollow for alout h i.f 
that extent, and gradually taper from the solid slate to the thin feather idge at t!i > 
root; and thirdly, elliptical or irregular in section. These three pecuhantus gt\e 
rise to as many separate considerations in cutting up the tooth with the requis t*- 
economy, as the only waste should be that arising from the passage of the thin blade of 
the saw • even the outside strips i.f the rind, call.-d spdis. are * mplfiy • d for ili !i;j .h s 
of pt^nknives, and iiiimy other latl*' <d>j«'cts ; the s,t ips ire h'lri.. d m hi- ? 's t,>r 'lie 
manufaefure of ivory hlack, eniplovtd for making ink tor i-opjn-r pi.it*' pfi-.t-'s, and 
otiier uses, and the clean sawdust and shavings are sonietuues u^etl !nr ni. iking j*llv. 

“The methods of dividing the toorh. either info reet.inizul.ir piee-s f.r thov,. of a 
circular figure required for turning, are alike in their < arly stages, until ih.* lathe is 
resorted to. The ivory saw is stretched in a steel frame to keep it \erv t* its ; the 
blade generally niea.sures from fifteen to thirty inches lung, from one and a half to 
three inches wide, and about the fortieth of an inch thu k; the teeih are rather 
coarse, namely, about five or six to the i’*ch, and they are sloped a little fi rward. that 
is, between the angle of the common band-saw tooth and the cross-cut sa«. I he 
instrument should be very sharp, and but slightly set ; it requires to be guid**! v* ry 
corn etly in entering, and with no more pressure than the weight of its own fiam**, 
and ’s 0 munonly lubricated with a little lard, tallow, or other solid fat. 

“ Trieciittor begins generally at the holl*»w,and havingfivrd tlintextremds piruUel 
with the Mc*'. with flic curvature upwards, he saws olf tliat piec<* which is too thin for 
his purpo^ve. and then t^ro or three parallel pieces to tin* lengths of some particular 
works, for which the thickness of the tooth at that pari is the most snitabh’ ; In- w li! then 
saw off one very wed::< -fonn piece, and afterward}? two or three more p iralUd block*. 

“ In setting out the lensth of every st'Ction, he is guided by the gradually increasing 
thickness of the tootii ; having befor*' him the patterns *ir images of )iis various 
woiks, he will in all cases * mplov the Inflow fur tin* thickest work it will make. As 
the toiith approaches the solid form, the consid* ration upon this score gradually ceases, 
and then the blocks are cat off to any-required measure, with only a general ref rence to 
tile (iisfr hufjon of ihe hfpi, or tin* excess arising from the curved nature of tjje tooth, 
tlie cuts h*^iug in g*-neral directed as nearly as may he to the imaginary centre of cur- 
vafnri*. The greater waste occurs in cutting up very long pieces, owing to the diflfer- 
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once between the slraipht hno ami the cur\e of the 1CK»th, on which account the blocks 
arc rardv cut more than fne or six inches lonp, unless for some sjKH ific (.hject. ’ 

Mr. r. U Siimuonds has gi\eu the follipring as the weights of large elcpiiants’ 
tusks. — • 

Mr. Gordon ruinniing had oue weighing 173 lbs. 

Mr. ('aw(Kxh of Graham’s Town» had a pair weighing - - 310 lbs. 

From ('aniaroon, shipficd to Liverpool ----- 1 04 lbs. 

A tusk int|K)rtcd at Bristol - - - • • - -147 lb«. 

At the Great Exhibition of 1851, tusk - - - - - 1C2 lbs. 


/mporfs of /rorv in 1810 and I'*.')*. 



4 < 

Value. 

• 

ISV,. 


1S^6 

IST)?. 


oil. 

Cwu. 

£ 

£ 

Tf.fth — r.h'phant", s^a cow, sea horse. 





f>r s. .1 iii'Ms,.* . — 


• 


# 

Bnrtugal ----- 

8U 

4l)f> 

28.no9 

21.140 

Tu«;eany ----- 

i:>3 

l.M 

.■',431 

6. ITS 

r, Apt 

828 

1728 

20, .1.32 

74.<k.1 

\\\ St {’oast of Africa - - . 

1023 

1 132 

36,382 

4'‘.:);'7 

I’nited Slates - - - - 

24G 

G44 

.1..104 

2fi.42 + 

Malta ----- 

S3S 

4.18 

20,889 


Su rra Leone - - . - 

bU 

133 

3.174 

5.706 

r.uM Coii.t . . . . 

01 

- 

3.246 


Soutli .MViea - - - . 

.17'i 

1 102 

2o..ir2 

.11.000 

Brit'sh I .iki I.uIas 


3310 

176.117 

142. .17.1 

1 iih.T [i.irls • . - . 

IM 

.1.‘» 

4.071 

22.2'0> 

1 otal - • • • . 



313.M7 

421.318 


IVORY BLAt’K f.V oir (I none. Fr. ; Knfih T''fn,}ntn, Grrm ^ i'^pn^parod from 
Ivor) dust, by calcination, in tlu* very ‘•anic \%ay a^ !'• described under Bokk Black. 
The calcined matter bemu' ground ami h Mgaied on a porphjry slab affords a beautiful 
velvetj black, iniieh used in lopperplatc printing. 

I\ OUV, Flt'riLK, is plaster of Baris which has been made to absorb, after drying, 
melted spermaceti, by capillary action, or it may be prepared according to Mr. 
Franchi’s process as follows: — Plaster and colouring matter are employed in the 
proportions of a pound of superfine plaster of l^aris to half an ounce of Italian yellow 
ochre. They are intimately mixed by passing them through a fine silk sieve, and a 
plaster cast is made in the usual way. It is first allowed to dry in the open air, 
and is then carefully heated in an oven ; the plaster cast, when thoroughly dry is 
Sf’akcd for a quarter of an hour in a bath containing equal parts of white wax. sper- 
maceti, and stearine, heated just a little beyond the melting point. The cast on removal 
is set on edge, that the superfluous composition may drain ( ff, and btforc it cools, 
the surface is brushed, with a brush like that known by house painters as a sash tool, 
to n move any w,ax which may have settled in the crevices : and finally when the 
plaster is quite cold, its surface is polished 1% rubbing it with a tuft of cotton wool. 

IVORY NFT. (’orosos. or vegetable ivory. A sp)eciesof the screw pme 
growing in <\ntral .Xnu'rica and Colmnhia. 'I he /V<»//e/c//Af/s 7»arroear/#a produces 
these nuts, which have a structure somewhat resembling that of ivory; but it more 
nearly resembles white wax. The ivory nut is not used for any iuiportant wort. 

« 

- J. 

JACK, called also jacAfn a box, and hand-jack, is a portable, mechanical instrument, 
consisting of a rack and pinion, or a pair of claws and ratchet bar, moved by a winch 
handle, for raising heavy weights a little waj-^off the ground. 

J ACK and J ACK-SIISKERS, are parts of a stocking frame. See Ijosiert. 

JACK-BACK, is the largest jack of the brewoy. 

J A('lv BLACK. The miners* name for the sulphide (sulphuret) of zinc, or blende. 
See Zis( . 

JACQl'ARD. A ptcul.ar and most ingenicus mechanism, invented by M. Jac- 
VoL. II, R R 
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qmrt of Lyons, to be ftdapWil toasUk or miuHn loum for««peT!k'linsrth»*cmplnrm«*ni 
of draw'boys, in wcaviojf fiffun'd poods. p» ndrutly »>f ihe onimary 1 1 w >>i ih.- 

irarp thread for tbe funoadoo of the gru^Ild of »uch a wrb, ail ibrcals whub 
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KliiS'S 


« T ^ ^ produce the 6gare, have their appropriate beaiJi, which 

fl,„ j ^ them together into a svstem. in 

the order, and at the lime desired by the weaver. This plan evidently occasioned no 
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little complication in the machine, when the design was richly lipnred ; hut the appa- 
ratus of Jacquart, which suhj 1*013 this mana*uvre to a regular mechanical oj>eration, and 
di-rivi-s it- motiou troni a simple pc*dai put ?I1 action by the weaver s feet, was peiierally 
adopted soon after its invention in ISUO. Every common loom is susceptible of re- 
ceiving this beautiful appendage. It costs in trance 200 francs or S/. sterling, and a 
little more m this country. 

/•■»./ lo4r) IS a front elevation of this mechanism, supposed to be let down, ri^ lo46 
is a cress section, shown in its highest position, 104*, the same section as the 

pn-ce-llng, but seen in its lower position. 

A, IS tile fixed part of the frame, supposed to form a paru-f the ordinary loom ; there 
are two uprights of wood, with two er<*ss-harh un.ting them at tlieir uj>p«T c'nds, and 
leaving an interval x y betw ecu them, to place and w ^rk the m(*vab!e frame B, vibrating 
round two fixed points a o, placid lattrali} oj’p' i»i‘e each other, in the middle of the 

space a- y, . /o/* 

c is a piece of iron w 1th a jiei’uhar ciir\utiire, seen in front, 1045, and in profile, 
fiijs. I(i4d and I'Ur. It is r.\(don oiio side upon the upper cross-bar of the frame b, 
and on tlie olio r. to the niterimdiale crAss-har h of the same frame, where it shows 
an iiichncd cur\ilinear space r. terminated below 1^* a semicircle, 

D IS a sijnare wooden axis, movable uj>on itself round two iron pivots, fi^ed into its 
two ends ; w hich axis occupies the Ixittoni of the m(*^ abh* frame n. T hi* fi-ur facis of 
this square axis are pierced with three round, equal, tnily-lwired holes arranged in 
a quincunx. The teeth a, fig. lOPj, arc stuck into each face, and correspond to 
holes < 1 , fig. 10 >2, made in the cards which constitute the endless chain for the healds ; 
s»i that in the successive application of the cards to each face of the square axis, 
the holes pierced in one card mav always fall opposite to those pierced in the other. 

Tlic right-hand end of the square ax*is, of which a section is shown in double sis^c. 
yii/. 1 i)4S, carries two square platist'f slieit iron f/, kept parallel ti^ <arh otlii r atui 
,a littli* apait. b\ four spindles /. pasi^i-d opjMi^ilt* to the corni*rs. Ihis is a Kind of 
l.iMteni, III who’se !.] indlis, tin* hci.ks ..f the leMTS fj', turning round fi\. d I'onit'- </«/ 
bownid tlie r.ghi liand upriglit A. catch liold, either abo\e or below at the pUa-iire of 
the W('a\tr. aceoriiiiii: as he merily pulls or lets go the cord c, during tlie vibratory 
movement of the frame u. 
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K is a piece of wood shaped like a T, the stem of which, prolonged upwards, passes 
freely through the cross-bar 6. and through the upper cross-bar of the frame n. w Inch 
serve as guides to it. The head of the T piece being applied successively again*;t 
the two spindles e, placed above in horizontal position, first by its weight, and then 
by the spiral spring A, acting from above downwards, keeps the square axis in its 
position, while it permits it to turn upon iisflf in the two directions. The name pros 
is given to the assemblage of all the pieces whith compose the movable frame B b. 

F is a cross-bar made to move in a vertical direction by means of the lever. c, in the 
notches or grooves 1 , formed within the fixed uprights A. 

H i.s a piece of bent iron, fixed by one of its erds with a nut and seww, upon 
cross-bar f, out of the vertical plane of the piece c. Its other end carries a friction 
roller J, which, working in the curvilinear space c of the piece c, forces this, and 
consequent!;^ the A^me B, to recede from the perpendicular, or to return to it, ac- 
cording as the cross-bar f is in the top or bottom of its course, as shown in Jhp 1040 
and 1047. 

I, cheeks of sheet iron attached on either side to the cross-bar F, which «ervo as a safe 
to a kind of claw k, composed here of eight sqjall metallic bars, seen in sectionyrys. 1046 
and 1047, and on a greater scale in fiij. 1049. 

j, upright skewers of iron wire, whose tops bent down hookwise naturally place 
themselves over the little bars k. The bottom these spindles likewise hooked in 
the sara^ direction as the upper ones, embraces small wooden bars whose office is 
to keep them in their respective places, and to prevent them from twirling round, 
so that the uppermost hooks may be always directed towards the small metallic bars 

• R R 2 
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upon which they impend. To th.-c- hot-L, from b-low are allache^l ‘tr nin. «!..ch 
after haring crossed a fixed Wrd m n. ,...Te-l «iih correrj-.nd ok- 1.. , , i, r t ..r 
ntirruyu.. nroceed neat to he atUi hi-<l tofthc tlirejiU ol ihe hxipr u. -t n. d ^ i i - 


purpose, proceed neat to he atta> 

warp threads, k a, horizontal sp.ndles or Ih «. arranpd here hi *i. 

rows, so ih.it each spindle corresponds Inith horizoni.il1^ and rertical.i t ' • 
holes pierced in the four fiices of the sipiare axis i> 1 In re are there;' re a 
thesi* spindles as there are holes in one of the fae. s of the s piare. , i i 

f'lij. 1050 represents one of these horizotil.il spn.dl. s „ i, an i i' let ihroo.h w.i . h 
the corresponding rertical skewer passes, oanotlor I'.oncaf"! ,'ieUi, ihr- e.h < it 
a small fixed spindle passes to serre as a pttidi . hot wha ’i d • s not h nd. r i; Iro n 
moving lengthwise, within the limits of the length of il..- i ul. t />. sn a., 
springs placed in each hole of the case /f i.fig. I'M'J. Ihe) s. rv.- ih. pj'p. 
bringing hack to its primitive position every corresponding needle as ssn 
ceases to press upon it. 

1050 


of 


..f 

it 



Ft(j.\0T}\ represents the plan of the lipporrow of horizontal nopdle*. lo.'»9 i» a 

fragment of the endless citain, fonnid with jMTfor.itrd rnnU, which an* m.vh* to » ,r- 
culale or travel by the rotation of the shaft I) In thn tnovi mi nt, each -if tin ;i«r!.i. 
rated cards, whose position, form, and numKr, are Ut tcrninud hy tl>o <>{>< r.umti of 
tying-up of the warp, comes to be applied in succession against the four f.u'e« of the 
square axis or drum, leaving open the corresponding holes, and covering those uihui 
the face of the axis which have no corresponding holef upon the card. 

Now let us suppose that the press n is let down into the vertical position shown in 
Jig. 1047 ; then the card applied against the left face of the axis, leaves at rest or 
untouched the whole of the horizontal spindles (skewers), whfise ends correspond to 
these holes, but pushes back those which .ire <»pposiie to t)ie nnpicrccd p.irt "f the 
card; thereby the corresponding upright skewers, 3, .*), 0, and 8, for ex.uii(i!i'. piivh«d 
out of the perpendicular, unhook themselves from ah<ive tin* bars f«f the claw, and 
remain in their place, when this claw comes to be raised by means of the lever e; ; and 
the skewers I, 2, 4, and 7, which have remained hooked on, :ire raised along with the 
warp threads attaciied to them. Th«n by the passage across of a shot of the colour, 
as well as a shot of the common weft, and a stroke of the lay after shedding the warp 
and lowering the press B, an element or point in the pattern is completed. 

The following card, brought round by a quarter revolution of the axis, finds all the 
needles in their first position, and as it i» necessarily perforated differently from the 
preceding card, it will lift another series of warp threads ; and thus in succession for 
all the other cards, which compose a complete system of a figured 4 >attcrn. 

This machine, complicated in appearance, and which requires some pains to be tin* 
der-to >4. acts however in a very simple manner. Its whole play is dependent upon the 
inovenifiit of the lever o, which the wea%cr himself causes to rise and fall, by means 
of a pecu'iar pedal ; ,sn that without the aid of any person, after the piece is properly 
read in and mounted, he can execute the most complex patterns a.s comIv as he could 
weave plain goods ; only attending to the order of his weft yarns, when these happen 
to he of different colours. 

If some warp yarns should happen to break without the weaver observing them, or 
should he mistake his coloured .sliiittle yams, which would so far disfigure the pattern, 
he must undo his work. For this purpoSe, he makes use of the lower hm>ked lever y’, 
w h se purpose is to make the chain of the card go backwards, while working the loom 
as U'ual, withdrawing at each stroke the shot both of the ground and of the figure** 
The weaver is the more subject to make mistakes, as the figured side of the web is 
downwards, and it is only with the aid of a hit of looking-glass that he takes a peep of 
his work from time to time. The upper surface exhibits merely loose threads in dif- 
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fvrcnt poioU, accordinir as ihe pattern requires them to lie upon the one side or the 
otht-r. 

'I'hiiR it must ho c\i(lcnt, that such a number of paste-hoanls are to he pro\ided and 
numntid as equal the nuniln'r of throws of the shuttle hc'tween the hepinrunp and end 
of any fijjuro f»r do'iijrn ■which is to be woven ; the piercing of each paMe-h'*ard indi- 
vidually will 'iepmd up<»n the arrangement of the lifting rods, and their oonneciion 
with the warp, which is according to the design and option of the workman ; great 
care nnivt ho t.ikrn that the holes conic exactly opposite in the ends of the noddles; 
for th.s pur[>osc two large holes are made at the ends of the paste-hoards, whicli fall 
ujxm conical points, by which means they are made to rogi‘*ti-r eorrectly. 

It will be hence seen, that, accordini; to the let.ir’h of tlu* figure, so must he the 
number of paste-boards, which may he rt di'-plaet d so as to remount and produce 
the 6 gure in a few minutes, or r« n t*\»- it or n pl.n e it. or preHTve the figure for future 
u.se. The machine, of c<'nr'>e. w lii Iv uml*. r'-to.«<i to consist of many sets c.f the lifting 
Tfxls and needles, shown m the dui.T.im. as will l>e perceived by observing the dispo- 
sition of tlu* hold's in tho p.i'-te-lxKird : those holes, in order that they may be accu- 
rately •li'tnhut. d. are to he pierot-d from a gauge, so that not the slightest variation 
shall take j l.iee. • 

'I'o form these card-slips, an ingenious apparatus is cmjdoied. hv wh:eh*the propt r 
steel punches required for the picreing of each distniet card, an* placed in tlie.r r« lative 
situation.s preparatory to the operation of j*ierciiig. and also b\ its means a card mav 
.K* punched with any numlxT of Imles at one operation. This disj>osition of the punclu s 
is etfected by means of nxls connected to cords disposed in a frame, m the nature of 
a false simple, on which the pattern of the work to he performed is first read in, 

'J'hcsc improved piere<'d cards, slips, or paste-boards. ap]‘ly to a weaving apj aratus, 
which is so arranged that a figure to Ik* w rought can 1 h.‘ extended to any dj^ta^ce along 
the loom, and hy that means the loom is rendered cap.ihle I'f jiroducing hrond figured 
works ; hav iiiir the long !<'\rr a I'l.ic d in surli a situation that it afford “ pt>w w to the 
foot of the weaver, and hj tli.s me.ins en.ihles him to draw the luavie^t mormturi,s 
and liL'iired works, wiihout the assistance of a dr.iw-.hoy. 

The macliuiery IVir arranging the punelu*s ooi.sist.® of aframewi'h four upright 
standards and cro.ss. pieces, which cont.iins a senes of endless eotds p.m-iug nmh r a 
wooden roller at Ixittom. and o\tr pulleys at the top. Tliesp pull ys are rnoimted on 
axles in two fr.imes, ])lace<l obliquely over the top of t)ie standard frame, which pulley- 
frames constitute the table c<»mmoiily iisid h\ wi..i\\rs 

III order bettor to explain tiu\-e didiess cords. Jl<}. repro.sents a single endless 
cord, I 1 . which is hero shown in operation, and part of another endless cord, '2 2 , 
sliown statiun.ary. There must be as many endless 
cords in this frame as needles in the weaving loom. 
a IS the woo<len cylinder, revolving upon its axis at 
the lower part of the standards: b bj the two pulleys 
of the pulley-frames above, over which the indivi- 
dual endless cord passes ; c is a small transverse ring. 

To each of these rings a weight is su^^pended by 
a single thread, for the purpose of giving tension to 
the endless cord. is a board resembling a common 
comber-bar, which is supported by the cross-bars of 
the standard frame, and is pierced with holes, in situa- 
tion and number corresponding ■with the perpendicu- 
lar threads that pass thnuigh them ; whUh hoard 
keeps the threads distinct from each other. 

At c, the endless cord pasties through the eves of 
wires resembling needles, which are contained in a 
wooden box placed m front of the machine, and shown 
in this figure in section only. These wires are called 
the punch-projectors i they are guided and supported 
by liorizont%l rods and vertical pins, the latter of 
which pass through loops formed^t the hinder part 
of the respective wires. At^are two horizontal rt>ds 
extending the whole width of the machine, for the 
purpose of producing the cross in the cord^ ; <7 is a 
thick brass plate, extending along in front of the ma- 
chine, and lying close to the box which holds the 
punch-projectors ; this plate g, shown also in section, 
is calU*4 the punch^kolder ; it contains the same number of apertures as thtre are 
punch-projectors, and disposed so as to correspond with each other. In each of these 
apertures, there is a punch for the purpose of piercing the cards, slips, or pastebo^s 
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with holes ; A ts ft tblek steel plnte of thp «(aine t). and »ho«n likewUe to ««'c(ion, 

c»'!Tespondin|p also in its nuinV'r i>f tj>* rturvs, and th« ir disj-osjtion, •:th ihc j unch- 
pr«>jector* aod the punch'huUl.T. This plate K ts caUml the f*ut*th m-tti'tr. 

The object of this machine is to trAn>fer «.ueh«»f the punches a» mav b.> l»*r 

piercing any tnilieidual card from th** puneh-h'dder v, into the punch-rec^ iTi-r A . « h- n 
they wiU be properly sitaateii, and rra>iy for piercing the in-listdoal cjr»l or *hp w.ib 
such holes as hare been read in ujxm the machine, and are r<‘<pinv<l for |iennit(tn^ the 
warp threads to he withdrawn in the hxnn. when this c.irl is hron^ht agatmt th»* ends 
of the needles. The processor transferring the patterns to the punches w.il tn* ctfocuM 
in the following manner. 

The pattern Is to he read in. according to the onlinary moile. as in a TaIs*' sirrf I**, 
upon the endless cords below the rods /.and passc<l under tb« revolting w<><d<‘n 
cylinder u. to a safficient height for a person in front of the machine to reach coi.m*- 
nienlly. He there takes the upper thresh of the pattern, called the 6e»ir«i, and <ln»«s 
them forward so a«t to intrixluce a stick behiod the Cords thus adraiicesL a» sh>.»wn by 
dots, fir the purpov‘of Ke» ping tluMii separate from the cords which are not loiendol to 
heoporat* d upon. All the punch -projei torn which are connected with th« cords bnuighl 
forward will bo ihns ma<le to passthrough the rorresponding Bp4*rturea of the punch- 
holder a^d by this means will project the punchi s out of these aperturva, into cor- 
responding apertures of the punch-recriver A. The pun« lu s « ill now be propiTlj 
arranged ibr piercing the rcduirod holes on a card or slip, which is lo U* effected in 
the following manner. 

Remove the punch-receivers from the front of tlie machine ; and havu.t; pl.vr* d one 
of the slips of card or p.istelneird N/twren the two folding pl.itcs of iin fal, miuph (« iy 
piercevl with holes coiTcsp<inding to the netdles of the loom, lay the pimch-riM eiwr 
upon those perforated plates ; to which u must be made to Bt by mortist^i and bi«H-k*, 
the cutting parts of the punches being downwards. Ujion the bark of the punch- 
receiver is then to be placed a plate or block, studded with perpendicular ^na, corn'- 
apouding to the above described holes, into which the pins will fall. Tbe plates an<l 
the blocks thus laid together, are to be placed under a press, by which means the pmn 
of the blocks will be made to pass through the apertures of the punch-receiver ; and 
irbereirer the punch has been de|K>sited in the receiver by th** alH)\r pn*ci *<. tin v u,l 
punches will be forced through the slip of posudxianl. and pierced with such h'd, as 
are required for producing tbe figured design in the loom. 

Each card being thus pierced, the punch-receiver is retorned lo tU place in front of 
the machine, and all the punches forced back again into the apertures of tbe punch ■ 
holder as at first. The next set of cords is now dmwa forward by the neat Aronf, 
as above described, which sends out the punch’projvclvrs as before, and disposes the 
punches in the punch-receiver, ready for the operation of piercing the next card. The 
process being thus repeated, the whole pattern is, by a number of operations, transferred 
to the pnnchc.s, and afterwards to the curds or slips, as above dcN'r.U-d. 

JADE, axe-stone (^Sfphritr, Ceraumte. Fr.; lUthfetn. (oTin.), is a mineral of a 
greenish, bluish, or whitish colour, compact, and of a fatty lustre. Sjxx*. grav. ; 
scratches glass ; is very tough , fuses into a white enamel. " It comes from China, and' 
has been found in Australia ; it isiisi-d among rude nations for making hatchets; and 
IS susceptible of being cut into any form. In China the jade is greatly valued, espe- 
cially the pure white varieties. These are worked into cuj>s, and as ornaments for 
the Joo-e, or emblem of power. 

The composition of jade, as given by Kaslner and Raunnelsberg, is — 

Silica - , . - \ - 50-50 - - ,54-(.H 

Magnesia 31-00 . . 2601 

*16-06 

Protoxide of iron 
PtToxide of iron 
Alumina 
Chromium 

JAPAN EAIITR ; Tfrrn .f>iptmu a. See riAMjare. 

J APANSING is a kiml (if varnishing nr lacquering, practised with excellence hy 
the Japanese, whence the name. 

The only difference between varnishinji and japanning is that after the application 
of every coat of colour or varnish, the ohjeet so varnished is placed in an oven or 
stove at as high a temperature as can safely be employed without injuring the articles 
or causing tlie varnish to blister or rm. 

For black japanned works, the ground is first prepared with a coating of blaot', made 
hy mixing dross ivory black to a propi*r consistence with dark coloured ttnitar 
s ayiish, as this gives a blacker surface than could be produced by japan alone. If 


- 215 

,5-50 

- loot) 

- 'oo.> n. w. B. 



I 


I 


JET. 615 

the snrface U required to W polished, five or six coats of japan are necessary to give 
sufficient body to prevent the japan from being rubbed through in pohshmg. 

I’oloured japans are made by mixing some hard varnishes the required colour, 
and proceethng as described. See VsRNlsH. 

JAUdOON, the name given to a variety of Zircon fromCe>lon. It is seldom 
perfectly transparent, and is either colourless or grey, with tinges of green, blue, red, 
and yellow of various shades, but generally smoky and ill-defined. It t>ccurs in worn 
angular pi«*ces, or in small detached crystals, rarely exceeding 6 or S carats m weight, 
cliurty in the sand of a river in Ceylon. The surfaces of the crystals are smooth, and 
possess a lustre more nearly approaching that of tlie diamond tlian any other gem. 
At the present day, though out of fashion and in no request, it is still occasionally 
sold for inferior diamonds. 

Davy says that the light grey var.eties of the zircon are sold by the inhabitants of 
Ceylon as imperfect diamonds, the natucs K*ing altogether ignorant of the true 
nature of the mineral. It is mo'it abundant in the district of Matura, whence it has 
its* common name in i'evUm of Matura diamond. The colourless xircon is also cat 
and .‘iold a<i a fal'^e diamond in the bazaars of India. •>— H. W. B, 

.1 ASPKU iJitsfH' iulrrdtiine, Fr.; •/ax/na, 6erm.)^8 a sub-species of quartz, of which 
there are fi\e varieties. 1. The Egyptian red and brown, forming noiules with 
ring or tendril-shaped delineations. 2. Striped jasper, or c]a\ altered by heat, and 
differing from true jasper by being fusible on the edges, l>cfore the blowpipe. .3. 
iVrcelain riband or jasper. 4. Common jasper. 5. Agate jasper. The prettiest 
5{HK!imeQS are cut for seals, and for the inferior kinds of jewellery ornaments. See 
Lapipart. — H. W. H. 

JATROPIIA MANIIIOT. A plant belonging to the Euphorbiaceae, from which 
the ( ’asxava rural is prepared, and from the express juice of which is obtained Cassava 
Btarrh and 'J'apioca. See Tai'I«x'A. 

.IFiAN. A twilled cotton, usually striped. Satin-jeans are woven so as to present 
a smooth glo«;.«;T appraranee. It is used for stays, &c. 

.IKl.liV, \NlMAly. See Gki.atisk, Gli k, and Isinolass. 

JKLLY, V F.GKTA IU,E. A great many vegetable productions yield upon infusion 
or decoction gelatinous solutions. These vary very much in character. The jelh of 
ripe currants and other berries, is a ciunpoiind of mucilage and acid, which loses iis 
power of gel.atinising by prolonged! ebullition. 

JESSAMINE or JASMINE. A well-known family of plants. The Jasmtum 
frutu ans, a native of the southern part.s of France, J. (Hloralissimnm^ a native of India, 
and J. sumhar. a native of India and Arabia, are used to obtain the essential oil of 
jasmine. See Pkrfumery. 

JET. {Jaict, or jais; Fr.) Jet occurs in the upper lias shale in the neighbourhood 
of Whitby, in Yorkshire, in which locality this very beautiful substance has been 
worked for many hundred years. The jet miner searches with great care the slaty 
rocks, and finding the jet spread out, oAen In extreme thinness ^tween the lamina- 
tions of the rock, he follows it with great care, and frequently he is rewarded by its 
thickening out to two or three inches. 

The best jet is obtained from a lower bed of the upper lias formations. This bed 
has an average thickness of about 20 feet, and is known as jet rock. An inferior 
kind, known as soft jet, is obtained from the upper part of the upper lias, and from the 
sandstone and shale above it. The production of jet in this country appears to be 
limited to the coast of Yorkshire, from about nine miles south of Whitby to Boulby, 
about the same distance to the north; tbetstates of Lord Mulgrave being especially 
productive. There is a curious allusion to this in Drayton’s Polyolbion. 

• Thr rocks by MoiiUgravt*. too. iny glories forth to set. 

Out of tlicir crannied rocks c-vii gire you perfect jet. 

Dr. Young, in his Geology of the Yorkshire Coast, writes — “Jet, which occurs here in 
considerable quantities in the aluminous bed, may be properly classed with fossil wood, 
as U appears to be wood in a kigh^tatc of bdumemsation. Pieces of wood impregnated 
•with silex |fe often found completely crusted with a coat of jet about an inch thick. 
But the most common form in which the jet occurs is in compact masses of from 
half an inch to two inches thick,*from three to eighteen inches broad, and often or 
twelve feet long. The outer surface is always marked with longitudinal stria?, like 
the grain of wood, and the transverse fracture, which is conchoidal, and has a resinous 
lustre, displays the annual growth in ctlmpressed elliptical zones. Many have 
supposed this substance to be indurated pettokrtm, or animal pitch; but the facts now 
quoted are sufficient to prove its ligneous origin*’ 

It ds^ps not appear to ns that the “ ligneous origin ” of jet is by any means established ; 
indeed we think the amount of evidence is against it There is no example as far as we 
can learn, of any discovery of true jet having a strictly ligneous structure, or showing 
^ R S 4 



616 


JET. 


aoythiog like the conTersion of wf>r4 into th.s cf)al'like »ub«tanc«' Tiur** 
however, to hare been some cont'uMou in the nb*- rvatton.^ of wh . l.av»' » 
on the subject. Mr. Simpson, the turasor <»f the \'h!th\ mu^rum. wh.> 

has paid much attention to the subj‘“ci, sa\H, ** Jet is p*m raHy conoi-i* rt>l !<» hate 
been wood, and in many cases it un'iouhti diy has U'on m> . f‘>r the hUu' tu'e 

ofien remains, and it is not uniikeiy that comminuted se^etatde niait> r tint na«e 
b<‘en changed into jet. Hut it is evident that veueUMc matter is n‘»t an « •■M-nt.ai 
part of jet, for we fret^ucnlly find that and the «<m!<is of fi'.h«s h.i\r Uen 

changed into jet. In the Whitby Museum there is a large inavs of hrme. wh.e;, 
the exterior coDverted into jet for about a iinarter ot an stnh ;n th.«k{i. v*. Ih.* 
jetty matter appears to hare first entered the p«>res of the Uuir. and th<re to have 
hardened; and during the iniQerahstn|t process, the whole hons mn't<r ha« K^n 
gradually displaced, and its place occupied by jet« so as to preserve its ong.nal torm " 
After an attentive examination of this specimen, we are not di«{MMi-d to agree 
entir- ly with Mr. Simpson. 

Jet ciTtainly incrusc.s a mass which has something the stmctiirc of a bon«\ but, 
without a chemical oxanunation of its constituents, we should hesitate even to m> :t was 
bone. Wood without doubt has ly;en found rnrrustrti with jet, at fragments of animal 
matter may also have been. But it is quite inconsistent with our knowledge of 
and chemical changes, to suppose that both animal and vetrct ihlc matter would uodi rgo 
this change. By process of luhatitutum, we know that silica will tak*- tli>’ pl.'irr orcupM I 
by carbon, or wocwly matter ; as, for example, in the fossil palms of 'rri':;<; ,d. rr. i the 
silicified forests of Eg^pt; hut we have no example wahm the entire range of the 
coal formations of the world of carbon taking the place of any of the i arths 

Jet is found in plates, which are sometimes penetrated by U lcmnites. Mr. Itij i« v.of 
Whitby, has several curious examples, —two plates of jet, in one case en* wst* r- 
worn quartz pehhles ; and in another jet partially invests an angular fragm. nl of 
quartz rock, “ This is the more remarkable,"* says Mr. Simpson, “as quart/ rotk, or. 
indeed, any other sort of rocky fragment, is rarely foond in the upper ha*." 

The very fact that wc find jet surrounding bi'leninites. caving adventitious mas** ** 
of stone, and investing wood, seems to show, that a hqnid. or at all events, a plastic 
condition, must at one time have prevailed. Wc h.uc existing evulenrc of th.v Dr. 
Young, in the work already quoted, says: — In the cavities ( f i.fHlulr«5 cf.’ii:i:nujg 
petrifactions, we sometimes meet with pefro/cwm, or minrral oil. Wlun firni < vpi^d. 
It is generally quite fluid and of a dark green colour ; but it soon becomes viscid an-i 
black, and at last hardens into a kind of pitch, which generally tnelu with heat, and 
when ignited bums with a crackling noise, and emits a strong bituminous smell.'* 
One more sample of evidence in favour of the view that jet has been formed from 
wool. It U st&tcd (fieed's lllu^ilratvd (iui lt’ to H7o//,j-/) that in front of the cliti- 
work of JIaiburne W>kc existed a petrified stump<»f n tr».o. in an ell'll pot-turo. three 
feet high, and fifteen inches aero*.*:, having the roofs of j. • m a b« d - f sh.o. ; 

•whil.'jt the trunk in the sandstone was paitlv p-tnfied, and paifiv ( f lUtav* '; ‘•(.oix 
wood. Even in this example it wouM appe.ir. that aft. r ail. a coating ofj.'t w.,< all 
that really existed upon this example of the equi'etum, which probabiv s»a?'ds where 
it grew. Mr. Simpson, in a valuable little puhliealion, “ 7*/<t’ /bvw/« ofthf' yorh>>hirc 
Lias described from yature, wuh a short Outline of the Gfologo of the Yirk^hire ( b./ w." 
says : — “ From all we know re«!pecting this beautiful mineral, it appears excee*hngly 
probable that it has its origin in a certain hitiiminous matter, or petroleum, which 
abundantly impregnates the jet-rock; giving out a strong odour when it is exposed 
to the air. It is frequently found in a liquid state in the chaml>er8 of ammonites and 
belemnites and other cavities, and, whilst the unsuspicious operator is breaking a lias 
nodule, it flies out and stains his garment This petroleam, or. mineral od, also 
occurs in nodules which contain no organic remains; and I have been informed by 
an experience d jet miner that such nodules are often associated with a good seam of 
jet, and are therefore regarded as an omen of success.** 

Jet js supposed to have b.'cn worked in this country long before the time of the 
Danes in England, for the R'»mans certainly used jet for ornamental purposes Lionel 
Charlton, in the history of Whitby, s:i\s, that he found the ear-ring of a lady having the 
form of a heart, with a hole in the upper end for suspension from the ear, it was found 
in one of the Roman tumuli, lying close to the jaw bone. There exists no doubt that 
when the abbey of Whitby was the seat of learning and the resort of pilgrims, jet 
rosaries and crosses were common. Tbc^ manufacture was carried on till the time of 
Llizahetl), when it seems to have ceased siiddetily, and was not resumed till the year 
18IH), when Robert Jeflerson, a paintwr, and John f’arter made beads and crosses with 
files and knives. — a neck guard, made in this manner, fetched one guinea. A stranger 
coining to \V hitby saw them working in this rude way, and advised them to try to turn 
it ; they followed his advice and found it answer ; several more then joined them, and 



I 


« 


KATTIMUNDOO. c 617 

the trade has been pra<luall\ increasinp since. Most of the b^st jc-t ornaments are 
sent to Ix>nd«m, the inferior ones are mostU purcha.si*d for the American inaiket. 

'rile jet woik.-rs conii>l:iin of the preal sHlrcity of designs m jet Several tU.<.ip-ns 
have 1 cell sent them, but tlie artists not heiog acquainted with the pecuharnns of ilie 
material, their designs are not penerall}' applicable, and the manufacturer is much 
more ‘•u.'ees'fiil in the imitation of natural objects than any artiiicial combmatiou. 

jrA\ LM.I'.ItV. Si*c Gkh and L\i>ii>Anv. 

rt mining term. Separating the ore with a priddle, or wire-lxiitomed 
s.e\i . the heavier substances passing through to the bottom or lowtr part of the 
fcie\<-. the lighter sul>stance remaining on the upper part. 

JIN r.V WAN. A substance somewhat r<‘‘emhline caoutchouc, imported from India. 

Jl JL liK. The fruit of the hitj/phns ami A ju^nUi. about the size of and 

luarly resembling a small plum, 'bhe Tn m li confeotiontis prepi^re a Ktzenge from 
tbe juice of the fruit, but marly all tlu* jujuK's sold by our druggists and confectioners 
are merely dried muiil.ige. flavoured and svveete!U*<l. 

jr.Mri'.U, (I ruMinuj turn. A large borer, steeled at each end like chisel bits. It is 
workeil bv the hand. 

Jl'NIPlill. A genus of plants belonging to th^ order f''o;n7cr<7. About twentv 
species are known. This plant is cultivated mostly for its berries, which, frhen dis- 
tilled with water, yield a volatile essential oil. 'Phe lurries arc largelv employed in 
the manufacture of Hollands and pin. 'Mie French name of the plant is Gaitiie, and 
1'.' nee our English words “gin*‘ and “geneva.” 

The Juniperu* liermudiana^ the IhTniuda red cedar, is a large tree with soft and fra- 
grant wood, and is what is use*! in making pencils, and by cabinet makers. Sec Cedar 

Jl’TE consists »if the fibres of two plants, called the chonch and isbiind {Corchunis 
(‘lifnnus and ('nrcftotu.i rnpsuhirts^. extensively cultivated in Ilenpal, and fnmiing. in 
fact, the material of which gunny bags and guiinv cloth are made. It fiteh<8 nearly, 
tliougli not quite s<^ high, a price as sunn. St'c St ss. It comes into competition 
wuh dax. tow. and codiila in the mamifa<*ture of stair and otluT carpels, baguing for 
cotton atnl other goods, and <tu*h like fabrics, being exl« nsivclv usul for tiie^e piir- 
poM‘s in Dundee. Hut it is unsuitable for cord,age or other ariieUs iiito which lump 
IS manufactured, from its snapping when twisted, and rolling in water — A/ C'id/oiA, 

K. 

KAllOOK. A name for a clay ironstone in Covlon. — Simmonds. 

KAFi. •* Wil l iron ; a ooar>e. false kindof iron ** (//o//(i.ce). A mioing term. In 
St. Just. in Cornwall, a rulhm lade is a lode containing much iron. 

K M.EIDOFHON. An instrument devised Prof. Wheatstone. An elasticthin 
bar is fixed by one of its extremities, and at its free end it carries a silvered or 
rolished ball ; a ray of light is reflected from this ball, and when the thin plate is put 
in vibration, the fine point of light describes various curves, corresponding with the 
musical notes produced by the vibrations. 

KALEIDOSCOPE. A well-known instrument invented by Sir David Brewster. 
It has been much employed in arts of design. The leading conditions are that the 
angle at which the reflectors are placed is a subraultiplc of 360^. that the only positions 
in which a body can be placed to form perfectly symmetrical images arc between tbe 
ends of the mirrors, or in contact with the ends, and the eve must be as near as pi s- 
sible to the angular point, 

KALI. Tlie Arabs gave this name to ai* annual plant which* grows near tbe sea- 
shore ; now known under the name of sahola soda, and from whose ashes they ex- 
tracted a substance, which they called aikaliy for making soap. Tlie term kah is used 
by (ierinan chemists to denote caustic potash ; and kulium, its metallic basis ; instead 
of our potiish and jtotassium. 

KANGAROO. A marsupial animal, native of Australia. Its tail makes excellent 
soup, and its skin, when tanned. Incomes a soft and durable leather. 

KAOLIN^ 7Vrr« d porce/ame, Fr. j Porzellanerdey Germ.) is the name given by the 
Chinese to the fine white clay witl^which they fabricate the biscuit of their porcelains. 
See Clay and Porcelain Clat. 

KARABiy, a name of amber, of Arabic origin, in use upon the Continent. 

KARN. A Cornish miner’s term, frequently, according to Boilase, u>ed tosignify 
the solid rock ; — more commonly a pile of locks. 

KARSTENITE. The name given by Haas to anhydrous sulphate of lime. 

K ATTIMUNDOO or CUTTEMUNOOO. A caoutchouc like substance obtained 
from ih'^Euphorhia anti(iuanm of Roxburgh. It wa.« first exhibited in this country 
in the Great Exhibition of 1851, being sent by Mr. AV. Elliott from Vizagapatam. 

It was of a dark brown colour, opaque except in thin pieces, hard and somewhat 
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briule at conunoo hat *a«-lir hy h»-aL P. 

boiling water, but bet^mmflr soft, > Ati>i rtanarkAbty in 1 ai..- - 

lime, reaMuming. as it cools, its 'T ^'liarsrtrr. 

It i» sai'i to h*> for joinmjf na tal. kntf« -hifaU. < Kr. 

KKDOU ANC*Ht>U. A small anchor with an ir^n u**^l for wirpnc 

KEKI'KR. A maiiagt:r of ctai liar;:** autl coU.4*rs in the t>urham ai;»l Nonbum- 
Krland tiis.rick 

KRG.' A cask containing fire gallons. 

KKEVE, a mtmtmg Urm. A Urge rat tts<*d lo dressing errs, also a ^rrarr/’i Urm 
for a mash tab. 

KF.IU. A boiUr used in bleaching rstablUhmrnU. S*v lit • i»in« 

KKI.P (lore*', F. j IKdiyr*, Genn.) u the crude alkaliii* (-rti^Uirrd hv 

incinerating various spi'cies of foci, or $ra»wttii. They are rut with strkh * ir 'm tUe 
rucks in th«- sommer sruon, driwl and ibrn bameS, with much siimni; ..f thr pi.ir 
o.ch. l>r. rn- aruly*,'.! mniic <|x-cimi-n« of krip, 1 ^ fooiMl ih, qannttty ol 
matter in loo parts ot the to b»^ frr>m to 59, while the toaotubic w»s fr>'m 47 t * 
O'*. The S“luMe consisted of — - 


Saiphatti of iwwla . - . 

- »•« 

19-0 

ISoda in carbonate and aalplturcl 

- - ‘•r* 

5 5 

Muriate of aoda and potash 

. . .Ir. ' 

ars 

insoluble matter consisted of — 

.’i.T <» 


Cjrlxiuate of lime • - . . 

- 4 0 

]0>i 

Silica - 

. - h\) 


Alumina ting. tl with ir-m t.x.dc 

• • '111 

li) o 

Sulphate of lime «... 

- - oo 

9 .*» 

Sulphur and loss .... 

f>*0 

H 


iinm 

I0»>’o 


Thp first of these specimens srai from Ileisker, the second from Uona. both in ih. Ulc 
of Skye, upon the property of Urd Mae-Ion.rl.l. from ihecc. ami many other nnaly... 
ythich were made by Dr. Cre, it appears that kelp I. a .nl.cianre of rerv yanitdc 
composition, and hence it was very apt to prmluce anomalouc n cult., when', mpl,...-! 
M the chief alkaline flux of crowo glass, which it wa, f.,r a r. rv l.mc ,» r,..i the 

reckoned to afford the best'kelp hy inrtn. ral.on ; 
but all the species yield a better product when the; are of two or three years growth 
than when cat younger. The rarcc made on the shores of Normandy cMiains alm-wt 
no carbonate of soda, but much sulphate of soda and p^b, some hyposolpbiie of 
potash, chloride of sodium, loilide of potassium, and chloride of potassiomTthe averairc 
compo.sition of the soluble sills being, .according to .M. r.,iy. Ussac, .-i6 of chloride of 
sodium, 2,1 of chloride of potassium, and a little sulphate 'of pot,is|, Thi' titt low 
price at which soda ash. the dry crude carhonatc from the d. composition of s.i s.aU 
IS row sold, his nearly superseded the use of kelp, and reiidercl its nianu' i. ttire’ 
utterly unprofitable. ^Mlen the common sea wrack, commonly used for iircincing 

KEnilF.SORAly>. Al.KFll.Mf.s, are the dried leeiii s of the female insects of 
Kirbr^d g"'’™ "’’''''J''--’ “ron the leayes ofthe Querem iirr fpricklyoak). 

Kirby and Spence, ^d also Stephens, state that the Cnrrm i. fnnnd on the 
C«rrci« CMcJera The word Acrmey is Arabic, and signifies little worm. In the 
«".ff thercforc.,called rcm.,r«/«., in Latin, and yermeil and 

transftrred 

Kermes has been known in the East since the days of Moses j it has been employed 
from time immemoria in India to dye silk ; and was used also hr the ancient Gre^ 
and Roman , Ivors Pht.y speaks of i, under the name of r,.emrLy«. aXa„ Xat 
then grew ii^jMin the oak m Afnc.i. Sicily, &c., a small excrescence like a hud" called 
i!,,at the Sp.iniards paid with these gPains half of their tnhiitc to the 
; J’’®' I"'"'’'."'; '’ ""f worst : that they served to dye niirnle ; 

and t^t those from the neighhonrhoml „f Ementa ir. Lusitania ( Portugal ) were tbe^st. 

serfs wrt7“‘h^':orr*'l 'r ' '"I'l'’"’" <''='>tteenth efiSturies. the rural 

serfs were bound to deliver annually to the convents a ctrtain ouantity of kermes, 

^efr™ "'her prirlncts of husbandry. It was collected from the 

fr ( upon M ./ohn s rt.i v. between eleven o clock an^l noon, with rclieioTW ccremonie*» 
./oAnam.W^ (Saint John’s hlcxl;, .a, also German cochineal 
dte!n» th ’? l^ertnes was consumed in Vpnice, for 

roeh?neI( b . nl" f 'he discovery of America, 

cfchincal hating been introduced, began to supersede kermes for all briltouat reddyes. 
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The principal varieties »*f k* rnu-^ are the (’uccus qucrcus, llic Ciiccus pnhfnicuie. the 
fr-ajarttr, and ihr m»« iirii. 

Th« < '-Mcui <jufr( u.- in'** >, t m the fu>ut^ of Europe upon the kennes oak. The 
f. ui.ilf has no winp'.. i> of ihv Mze of a small of a bro^nisb-red c<*Unir. and is 
c<»MT d with a viliuisli du‘‘t. Erom the middle of Mar to the middle of June the eggs 
arc c«.l!ected. and i ^J•<.M•d to the vaj»owr of vinegar, to prevent their incubation. A 
|«»rii<'n of e;:us i*' left Upon the tree for the maintenance of the hro<»d. In the 
d< j' ir;m> lit ol tile Ikmchis-du- Rhone, one half yf the keniies emp is dried. 

riic kennts of Poland, or CWeiu ftolontcux, is fmnd upon the roots of the Sderanfhug 
jurinnt* and the ScleranthuM annuu9^ in sind) muIs <tf that country and the I kraine. 
'I'his sjH'cies has the same projK-nies as the preec<hnir; <*ne jmuhki of it according to 
Wolfe, being capable of dyeing 1»» pounds »*! mou! . hut Hinn'itae«ii could ntit ohtam a 
fine colour, although he eiii; lo\id .’> tnn« .•< mui li of jt a.s ol cochineal. The Turks, 
Armeni.m*;, and ( ossrod s dy vtiili kernus their iiv*rocco leather, cloth, silk, as well 
a> the man' * ami tail-^ ot tin -i h •r'C'. 

The kcrin. s ca !* \ ( ' <* « »- i icr i*; found principally in Siberia, upon the root of 

(he e«>nini(in sira'ih* rr>. 

Th'- f-wMis u' i >/r«i U (M ice the size of the Polish l^rmcs, and dyes with alum a fine 
nd It rn’ciirs in Russia. • 

K* riues IS found not only upon the Lvropodtum comphnijium in the Ckrainc, hut upon 
a great many other plants. 

^uxKl kermes is plump, of a deep re<l colour, of an agr< cable smtdl. and a rough and 
pungent taste. Its colouring matter is soluble in water and alcohol ; it becomes yel- 
hiw.sh or brownish with acids, and violet or crimson with alkalies. Sulphate of iron 
bla^k«nsit. With alum it d\es a b!oo<l red; with copp<*ras, an agate grey; with 
sulphate of ropjMT and tartar, an oh\e green; with t.art.ir and salt of tin. a lively cm* 
nannni >ellow ; with more alntu and tartar, a lilac : w ith sn))>hate of zinc and tartar, a 
Molet. Senrh't an<l i ttni'' m d\« d with kerni«''M(re <*aUril t;rom rol>‘tn^. I'lie fed 
caps for tlie I.' ^a^.t me d\«d at <>rh ans with t'pial parts <>f k»rmes and innchhr. and 
occ.nvinnali}! with an addit.on of Hr.uil wo<m1. Kernu.s is bnt huh- us^d m England 
at present as a d\eing suhst.ince. 

KEUMKS MINEKAI^ Pure mineral kernns is nganUd by RerzeUns. Euchs, 
and Rose, as an amorphous tersulphuret of antinomy. As the ]'r« i..iration h.ih no 
u.se in the arts or manufaeiures, for its niod« prepar.ilion ami ns clKniKui consti- 
tution we refer to I're'y l)trlii>'uin/ vf ( 7»( //os// »/. 

KEIIMIMTE. n e*l anliuioiu ore. composed of ovygen, .5'20; antimony, 74 45; 
sulphur. ‘JO'-P-t. 

KERSEV. A coarse slufi" woven from long wool, chiefly manufactured is the 
north of England, 

KERSEYMF^RE. Commonly spelt cas«imerc, A fine fabric woven plain from 
the finest wools, a mannfacture of the west of England principally. 

KH.\YA. One of the largest and handsomest trees growing on the western 
coast of Africa. The wood is of fine quality, and of a reddish colour like mahogany, 

KIABOCCA WOOD, called also Amboyna wood. This wood is said to be the 
excrescence or burr of the Ptero^pennum indicum, or of the Plerocarpus draco from 
the Moluccas, the Island of Borneo, Amboyna, &c. 

KIBBLE, a minwfj term. A bucket usually made of iron, in which the ore is 
drawn to the surface from the depths of the mine. 

KIELAS. The n.ame given by the Cornish miners to the clat^slate of that district. 
It varies very much in colour and characteriihoing sometimes of a clay-white, and at 
other times grey or blue. It is in one district soR ; in another, compact and hard. 
According to tlie diameter of this rock, the miner determines on the probability of the 
mineral veins which traverse it King metalliferous or the contrary, 

KII 4 N (Fnwr, Fr. ; Ofen, Germ.) is (he name given to various forms of furnaces 
and stoves, by which an attempered heat may be applied to bodies ; thus there are 
brick-kilns, hop-kilns, rune-kilns,«iaU-kilns. pottery-kilns. See Brick, Limestone, 
Malt. Pottisry, for a description of their respective kilns. 

KIMERIDGE OLAY. The s^ds which underlie the Portland Stone of porset- 
sbire, and the south-west of England, are based upon a considerable thickne'^s of 
dark brownish or bluish-grey clay, to which the term Kimeridge C!a) has been 
given by geologists, from the circumstance ^f its being largeh developed and well 
displayed in the neighbourhood of the village of that name. 

Throughout the Isle of Purbeck, but especially in the part of it in question, the clay 
a.ssnmcs a very shaly and bituminous character, wmetimes passing into more massive 
beds of Vownish shaly coal, possessing a conchoidal fracture. 

The Homans, and also the Celts who inhabited the country previously to its in- 
vasion by the fornur nation, appear to have manufactured the harder portions of the 
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shale into cuM mod other articUs but. chierty into K-aiU, armh i«. at.-i ’ rac. spe- 
cimens of which last have btvn foiiml in the neig:hbtmni:if barr '^^v, cast-* 

•till encircling the wrists of skiU to s. • . , » . 

Circular discs of shale, about the size of a penny pi«ce. haveaW^N^^n d :£■ up m frreal 
nnmbers in this part of the Isle of IVirln-ck - as many as »>*«) wi re, oj-'U < .K- a* 

iion, found closely packed loi». thrr. 

Authorities have been much divided in opinion as t€> the origin anti us** "t thtse 
circular pieces of shale; by some they arc siippos* *! to have |>ass ^l current inon s. 
Of tokens, whence the name of Kmiendge coal-mones, bs which ihr\ are ro -.ni ni v 
known, has been applied to them ; but, the nn^st prohaMe supp.s j.on th it tn > 

were the portions of the material filed to the lathe, and h it atihering t«» it at^.r the 

armlets or other ornaments of a simitar description had Wn turned from th* r ■ ui* r 
circumferences, and that at some subsequent period these refuse pnevs <>( ib. turner 
were worn as amnleis or charms by the soper^ioos. 

The shale around Kimeridge atiounds iu loimil and segrUWe matter, the former 
consisting of the shells of ovsteri. ammonites, Ac.. I^clber with the hones and t. eih 

of large saurians and fish ; while the latter is m so finely divided a slate as n«»t l.i U' 

distinguishable to the eye. .M^ch carbonate of hme and pyrites are also pfcs.m(. 
especially' in those portions in which animal r. mamH .in* most abundant. 

The irariaiion in the external character of the sh.ile is accompanied hr a rr.»Te- 
spooding variation in the relative propiuiions of mmer.il .'tud organic matter conta-md 
in it ; those portions which are the nio*»t fiisde and ‘‘lata cout.aimng a i-ar^r'- propurt* m 

of mineral matter combined with a fi lat. V i I» small priqiortjon ol org.in i niaiti r. while 
on the other hand, in the liarder and more mxssiae port.ons irhich break with a con- 
choida! facture. the organic matter i.s greatly in excess of the nunefal matter, a" is 
shown by the following analyses. 
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When heated the shale gives off copious fumes of a disagreeable odour resembling 
that of petroleum ; and when ignited, it burns of itself with a dull .smoky flame, leaving, 
■when freely exposed to the atmosphere, a reddish ash, w hich generally retains the f«»rnr 
of the original fragment. 

The shale has long been used for fuel by the people of the di«fnef wli. re n oerurs, 
an I the ashes left after comhuslion have long been known to the farmer^ on the coast 
to exercise a beneficial influence upon their crops, especially turnips ; but the un- 
pleasant smell given out by it when burning has prevented it from being used except 
Ijy the poorer inhabitants. 

Within the last few years works were established at Wareham, for the purp^ise of 
extracting naphtha and other products from the shale by distillation; hut the manu- 
facture was abandoned in consequence pf the impossibility of dcstrojing the smell 
given out by the naphtha. 

This defect having now, it is believed, been overcome, the works have lately been 
rc opened, and are now being carried on with every prospect of success. 

Tiie chemical composition and properties of the shale have been recently thoroughly 
invi'stig-ited by Dr. flofmann, of the Government School of Mines. 

The following results were obtained by him from the distillation of the shale, at a 
high temperature, for the purpose of producing gaf : — 

Amount of gas, water, ammonia, &c. ' . . - (jg 5 

Amount of coke 36*,5 — lOOO 

The shale distilled in a gas retort fur^i.shed a gas composed of i — 

Olefiant gas and congeners - ... * g-g 

Light carburetted hydrqaen and hydrogen - - 69 3 

('arbonic oxide 9 7 ^ 

Carbonic acid ------- 5'2 

Sulphuretted hydrogen - - - . - 7 -O — 100"0 
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The composition of this gns, freed from carbonic acid and sulphuretted hydrogen, 
by passing through an ordinary lime purifier, was as follows: — 

< Hcfiant gas and congeners - 

Light carburetted hvdrogen and hydrogen 
(.'arlK)nic oxide 

- 10-0 

79*0 

ll-o— 100-0 

The compr>aition of the coke produced was: — 


C'arlion - - - - 73*4 

- 72*8 

Asli - - - - .34 3 - . 

30-3 

107-7 

103-1 


The excess above 100 arises from the pre^noe of sulphides in the coal, which 
during the prtcess of incineration absorb oxjgeii and are converted into sul- 
phatea. 

A ton of shale furnished cubic feet of this puri6ed gas, the illuminating 

|>ower of which, used in an ar^rand Imnu-r, consuming 5 cubic feet per hour, equalled 
that of 'JO sp<‘rm candle'. nhiU* the p« reentape of coke remaining was 36*5. 

Tlic Inpii'i and sohd prtnluct-^ obtained by the distillation of the shale at a low tem- 
perature, ar*' an « ftinsively smelling, dark brown oi^ suspended in an aqueous liquid, 
charged with sulphuretted hydrogen, carbonic acid, and ammonia. • 

This oil, purihed and distilled with water, furnishes an oily liquid heavier than 
waf< r ; a tardike residue being left in the retort- 
.-'I he oily liquid which, when purified, givis out the odour of the finest varieties of 
coal-gas naphtha, is a mixture of several cheintcal substances. 

When treated with concentrated nitric acid, this oily liquid is divided into two por- 
tions. one of which is <lissolved hy the acid, while the other insoluble portion floats on 
the surlarc of the solution in the form of a light colourless oil) lujuid. resembling in 
its general oliaraetor the Indrocarhons of Boghead coal-tar oil, and of petroleum, 
'riie nitiio solution whicli forms the larger proportion of the oily liquid, when 
mixed w ith water, furnishes a dense, heavj, yellowish oil, w ith the odour of nitro- 
hcn/ol 

Hei.ee it appears that the oiU liquid obtained by the distillation of the shale consists 
chiefly of benzol and its honiologucs. mixed with small quantities of petroleum 
livdnKarhims. When sufficiently purified it is applicable for all the purposes for 
which benzol is employed, for dissolving india-rubber and gutta-percha, for re- 
moving stains from fabrics, for preparing varnishes, for making artificial oil of 
aliiionds, &o. 

On^suhjecting to distillation without water, and at a rather high temperature, the 
oily tar-liko residue remaining in the retort after the crude volatile liquid obtained by 
heat from the shale had been distilled with water, other volatile products are 
obtained. 

The first portion of the oil obtained daring the distillation is of an amber colour 
when first distilled, and much less limpid than the oil produced by distillation with 
water. It also possesses an offensive sulphurous smell, which bowerer is lost on ex- 
posure to the air, while the oil assumes a much darker colour. This oil is acted upon 
by sulphuric, nitric, and hydrochloric acids, by which, especially by the first, a portion 
of it is resinified. 

The remaining portion of the oil, when washed with water and afterwards distilled 
■with steam, furnishes a perfectly colourless oil with the properties of paraffine. This 
I tst oil, which forms but a small fraction of the original oil, behaves in all respects 
like the paraffine oil obtained from Boghead cannel coal, Snd is applicable to 
the lubrication of machinery, and all the other purposes to which that liquid is 
applied. 

The black, pitch-like, coky residue left in the retort resembles in general character 
the coke produced from coal in the manufacture of gas. 

The ash of the incinerated coke contains nearly the same proportions of silica, 
alumina, and iron Portland cement. The following is an analysis of the ash left 
by the shale ^hich contains the larger amounts of mineral matter : — > 


Insoluble residue 

A»h of Dorsetshire shale. 

- * - - 29*01 

Portland cement. 

Peroxide of iron 

. 

7-10 

- 

,5-30 

Silica 


21-75 

- 

22-23 

Alumina - 

- 

- 1060 

- 

- 775 

Lime 

- 

- 20-62 


- 54*11 

Carbonic acid 

- 

W 92 

- 

2T5 


100*00 
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The dutillation of the ihale fi^ n fom tfmp^rainr^, fi>r the pqrpw of i j( the 
liquid and tolHl ToUlile product'*, furni»h»-»l the fi»ilo«iDg rvsulu - — 
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The manufsetnre of the shale at Wareham, according to Mr. John C. fs 

conducted in the following manner : — 

The retorts are charged with ahfuil 5 ewt, of >haU\ previnwjilj’ hrokea into picew 
about two inches s<iuan\ and the temp* ratun* maiutatrud a< n. ,ir’y un.fnnu as 
pdivible. In order to obtaio the required iiuirorm temperature lite ntort* ar< con* 
structed ao as to have hacks of molten lead. The gas (tinned in the n tori* >» then 
condensed by means of a leaden worm, and the product is a crude cil ; a targe quantity 
of gas is made daring this operation, which is not condensed, but used for ordinary 
purposes. The crude oil is allowed to stand in long tanks f^r 4B honra, for the pnr* 
pose of letting the ammoniacal water (of which there is d lajEge quantity) stbside. 
The oil is then put into a still, and rectified once or twice as the case may be. The 
finit product is a li^ht oil, making overpro«>f r’>‘; the ne^t proflncts are heary oils, 
containing paraffine, which is now in great re.ju»-.t hy nKiniifacturns. 

The shale, on being taken out of the r*'t"rts i-' plar«'d m cIo'C a’ d when 

cool is ground in a mill for manure. In its unmanufu-tur. d ‘■ta’e th-- il ■ i-* not 
sufficiently rich in ammonia for this purpose; hut at thc< j-tagi- th*- an.fdai manure 
is as valuable as Ichaboe guano, both having been roccntlv a.ialys'd f.r ih** purf»«sie 
of comparison. Hy keeping the temperature low in the retorts neither the | hosphaUs 
nor the organic matter are destroyed. 

The nsme has been changed from Kimcridge shale to South Boghead coal by the 
manufactorers, the failure of the late company (by whom the former designalmn was 
used) having, it was considered, rendered the alteration expedient. The term South 
Boghead C(»l was selected from the resemblance to the Boghead coal of Scotland, 
now so extensively worked near Edinburgh. — 11. W. B. 

KING WOOD is imported from the Braails, and is sometimes called violet woo^I. 
This is one of the most beautiful of the bard woods, and is used in small cabinet work. 

KINK' AriD. A peculiar acid extracted by Vauquelin from cinchona. 

KINO i.s an extract obtained most probably from the rifrerurpu^ mamupittm^ 
■which grow« on the .Malal>ar c»>ast. Tn India, Kino is used f(»r dy«;ing cotton a 
nankeen colour. It is of a rcddish-brown colour, has a hitter styptic taste, and con- 
sists of tannin and extractive’. 75 parts, and a red gam. 2.3 parts. It is used only as an 
astringent in medicine. Kmo U often cuilhd a gum, but most improperly so. 

KIP. A Malacca weight for fin, of 40 lbs. 1 1 oz. avnirdupoiso. — Stmmonrli-. 

KIPS, The tanners call the skins ofnoung animals kips. 

KlRsrHWASSEB, is an alcoholic liquor obtained by fermenting and distilling 
bruised cherries, called kirnrhpn in German. Theclierry usually employed in Switzer- 
land and (irrmany is a kind of morello. which on maturation becomes black. ^nd has a 
kernel very l.arjre in proportion to its pnlp. When ripe, the fruit, being made to fall 
by switching the trees, is gathered by children, thrown promiscuously, unripe, ripe, and 
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rotten, into tub#, and crushed either by hand, or with a wooden beater. The mashed 
materials are set to ferment. an<i whenever (his process is complete, tlie whole is trans- 
ferred to a still, and the sp rit is rwn off. by facing the pot over the common 6rep)ace. 

The fermented iiush \s usually mouldy bemre it is put into the alembic, the capital 
of which IS lutt‘<l onwith a mixture of mud and dung. The liquor has accordingly, for 
the most part, a rank smell, and U most dangerous t<» health, not only from its own crude 
esse ntial oil, but from (he prottic acid derived from the distillation of the cherry-stones. 

'Fhcre IS a tujMTior kind of hrMchteaxser made in the Hlack Forest, prepared with 
fewt-r kt ru< Is. from choice fruit, properly pressed, fermented, and distill^. 

KiivWANiTB. A mineral found in basalt on the north-eastern coast of Ireland, 
conststine of silica, lime, alumina, and protoxide of ir<m. 

KNIFK CLEANING MACHINFS. Mr. Kent's machine for this purpose con- 
sists of a box or case, containing a roupb* of w<KKhn disrs, fixed near to each other 
upon a horoxontai iron rod or spindle, w hich p.is<.es through the case, and is caused to 
rotate by means of a winch-handle. Kocli di-c is. f*»r about three-fourths of the area of 
its inner face, covcrcHl wiih ait« mate rows of bristles and strips of l^Uier; and the re- 
maininir fourth part is cu\tr»d with bristles only. The knifc-btades to be cleaned are 
inir'^luet'^l ilinuich the openings m the case, between the rubbing surfaces of the discs ; 
and rot.itory motion being given to the dikes by auirinch-handle, the knives are ra- 
pidly cleaned and polished. 

Mr. Ma.sters constructed knife-cleaning machines upon the same plan as the abo\e ; 
but the rubbing surface rf each dt5c is formed of strips of buff leather, with only a 
nirrrow circle of bristles around the edge of each surface, to clean the shoulders of Uie 
knives; small brushes are fixetl beneath the holes in the ease, through which the 
blades of the knives arc inserted, to prevent the exit of dust from the apparatus. 

Mr. V nee has also deM^ed a macliine for cleaning knives, and another for cleaning 
forks. 'Idle kiiife-eh anor consists of a horix<»nlal drum, covered with pieces of Uaiher 
or felt, and fixol within anotlur drum or circular framing, lined with leather or felt. 
The knivt s are luirodurt-d through openings m a mov.ahle circular plate, at the front 
of the outer and < nt*T betwcrii the surfaces of the two drums. The plate is 

fixed upon a liori/ojjtal axis, which extends through the case, and is furnished at the 
hack With d hamllc ; hy turning which the disc is c:iu<ied to rotate and carry round the 
knives bt tw<H*n the surfaces of the drums. The fork-c!« aner consists of a Ix'x, with a 
hmg rectangular opeintig in the side; behind which two brnslu s are fixed, face to face, 
lletween these bruslus the prongs of the forks are intnulncid. and the handles arc 
secured in a carrier, which is in.»dc to a<U.incc ami recciie altcrvatcly by means of 
a throw-crank, and ih« rth\ tlirust the jirongs into and draw them out of contact with 
the hru.slus. The carrier consists of two metal jdates, the lower one cairying a cushion 
of vulcanised indiarubber for the fork handles to rest upon, and the upper being lined 
with leather; they are binged together at one end, and are connecW at the other, 
when the handles have been placed between them, by a thumb- screw. 

KNOLLS. A mining term in Germany for lead ore separated Irom the smaller parts. 

KNOPPERN are excrescences produced by the puncture of an insect upon the 
fiower-cups of several species of oak. They are compressed or flat, irregularly pointed, 
generally prickly and hard; brown when ripe. They abound in Styria, Croatia, Sclavonia, 
and Natolia ; those from the latter country being the best. They contain a great deal 
of tannin, are much employed in Austria for tanning, and m Germany for dyeing fawn, 
grey, and black. See Galls. 

KOUMISS is the name of a liquor which the Calmucks make by fermenting mare’s 
milk, and from which they distil a favouritcJntoxicating spirit, sailed rark or racky. 

The milk is kept in bottles made of hides til! it becomes sour, is shaken till it casts 
up its cream, and is then set aside in earthen vo.sseK in a warm place to ferment, no 
yeast being required, though sometimes a little old koumiss is added. 21 poimds 
milk put into the still aft’ord 14 ounces of low w.nos, from which 6 ounces of pretty 
strong alcohol, of an unpleasant flavour, are obtained by rectific^on. 

KOURIE Wood. The wood of the New Zealand pine Australis, one 

of the most magnificent of the coflfiferous woods. It is also called cowdit and haurie 
wood. It is^uch used for the masts of ships. 

KRAMEHIA, A shrub, which is a native of Peru, yielding the well-known 
rhatany root, often used as a dentifrice. 

KREOSOTE, or CREOSOTE. One of the many singular bodies discovered by 
IWichepbach in wood tar. It derives its narae»from si^d I preserve, in allu- 
sion to its remarkable antiseptic properties. A great deal of confusion exi.sts in the pub- 
lished accounts of wooil creosote, owing to the varj^hle nature of the results obtained by 
thecheimsts who haveexannined it. This confusion is not found with that from coal, which 
undoubiediy contains two homologous bodies, and U ; the first being car- 

bolic, and the second cresylic acid. The composition of carbolic acid has long been 
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known, owing to the researches of (.anrent cre^jlu* atiil was «Iwi t rM hr 

Williamson and Pairlie. <?oaunorci.il coal rreoM>i«- s.<inctitnrs a lu r f r» 1\ of 

cresj lie acid. Coal oils, of Tt r\ hijh lM>.|^n}r point, contain aciii-* apfar. U ho*; « f 
of carbolic acid, higher up in the M-ru •* than i wn cn ac.*l. an 1 \* t j>-‘rs t rh *•.[ j?.ie 
in potash. — {(irtvtiU Wdt ntn' > Th»-re ii httU* that w..»»'l cr«‘o-*i*r c«>n.}*ts 

essentially of the same sahsMnc»‘s as that from c-‘u! I h*- gr* at 4 tT«T. n. . jj ihe 
odour arises chiefly from the fact «»f the proUict from c.al retaining w th o'>. tinier 
traces of naphthaline, parvolinc. and chin*>line, all of whieh arc cAtnn.ih ivi .r« u*. 
No creosote found in commerce is oer |HTf«s*tly hom«»i;rneous. nor, tu f m *. i' t n* ' *.-%• 
sary that it should be so. If jHTfectly soluble in {Mita«h and ac- tie aeid of ih*- -hn'itr 
I'Oro, and if it does not h<»come colountl by exj-o«*ure to the ar, it tuav U* r« J 

pure enough for all medicinal purpos4>s. The oiU from wo* kI and rod tir ma\ K' 
made to yield creosote by the following process. The oiU are to l>*' rectified until 
the more volatile portions (which are lighter >h^p water) have pa«**e«l oi r • As 
soon as the product running from the still sinks la water the recrn. r ix t > he 
changi^l, and the oiU may lie reccired until the temperature resjuin-d to oi.r 
the oil is as high as P. The oil so obtained is to be dissolved in catK e' 
all insoluble in it being rejeeb^. The alkaline solution, after being mc'chan * il!\ 
»;{)arated, as far as p(x*vsible, from the ins duble oil, is to be boiled for a vt>r\ <.})ort 
time. Two advantages are gained by this operation. —any volatile bas<it 
expelled, and a substance which has a tendency to hccomc brown on keeping. :% 
destroyed. Sometimes the oil on treatment with pota'.h IicMh a «] it,? »\ of a 
crystallioe paste. This is naphthaline, and hIiouM he n niovid h\ f >.1 through 
coarse calico or canvas. The alkaline lepiid is then to Ih* mijh rt.itnrnt. d w uh <\ ,j,ie 
sulphuric acid, on which the creosote separate^i and rises in the form of .ui f>u to the 
surface. This creosote is already free from the greater nomln r «»f impunti. h, an I. 
if rectified, may be used for many purposes. To obuio a purer article tlo* ojh rations 
commencklg with solution in caustic soda arc to be repeated. If the aikaltn** vo 1 , on 
on boiling again becomes coloured, the purification must Ih* gone through a tlur l tnif. 
It is esseutial not to boil the alkaline solution long, or a serious loss of creosote wunl 1 
take place. According to Ueiehenbaeh the boiling point of cre<iM>te is Carlx.lM' 

acid boils between 309' and 3ro^ CTcsjlic acid UiiU at From this it wou!<l 

appear that Reichetibach’s creosote consisted of er« *.\!ic aci-l ’Fhc r.fl * ir^u itv 
of creofirh- ar'or I Tt- * ' ’ ' \ 1037 at 1'hat of e.irhnlie I oo:» 

,* * ’■■■ ** ‘ " ^**®**>*i*3Cr<I '*^>*h(iuicklime ami exjH>S('d to tlic 

‘ • • t t»s .:»g to the formation of TMolic ac)d.«>~('. G. W. 

KRYOLITE. See Crvoute. 

KYANITE. Astone, which is sometimes Mue and traiispanmt It is then emplovcd 
as a gem j it resembles sapphire. Its chemical composition fib silica, 37 0 ; alumnui, 
63*0. 

KYAXOL. The old name of aniline. It wat applied hy Runire to the base from 
coal tar. — C. G. W. 

KIHOSITE. An arsenide of copper, from liriccius, near Annaber*^. 


L. 


LABDAXUM. A resin foond on the leaves of the Cislus CrttKui, in Candia. It 
IS used in perfumery and for pastiles. 

LABRADORITE- Opaline or I.aibrador felspar is a beantiful mineral, wiih 
brilliant changing colours, blue, red, aud green. &c. Spec. grav. 2 70 to 2 7.). 
Scratches glass ; affords no water by calcination ; fusible at the blowpipe into a 
frothy bead; soluble in muriatic acid; solution affords a copious precipitate vi ith 
ovalat.i of ammonia. Cleavages of S.lj® and 86j°; one of which is brilliant and 
pearly. Its constituents are, silica, 55-75; alumina, 26-5 ; lime, II ; soda, 4 ; oxide 
of iron, 1-2.); water, 0 

Labradorite receives a fine polish, and the beau;y of its clialoiant reflections re- 
commends it as an article of ornament. — H. W. B. 

LABURNAM. C'l/tism Ln/nirnam. ( Arlnns ,Cmnmun, Vr. i Gohhegen, Germ.') 
The wood of the laburnaiii tree is sometimes used in ornamental cabinet-work and 
in marquetry. “ In the lahiirnain there is this peculiarity, namely, that the medullary 
plates, winch are large and very distinct. ore white, whereas the fibres are a dark brown, 
a circumstance which gives an extraordinary appearance to this wood." — Aikin, 

LAB\ RINTH, in Metallurgy, means a scries of canals distributed from the lead 
of a stainping-miil ; through which canals a stream of water is transmitted for sus- 
pending, carrying off, and depositing, at different distances, the ground otTs. See 
METALLUBCr. 



LAC- 


625 


LAC. (^LaqWy Fr. ; I^ck^ Lackfurhen^ Germ.) A resinous substance produced 
by the pnncture of a peculiar female insect, called Coccus lacca or upon the 
branches of several plants ; as the Ficus reh^osa^ the Ficus Indiaiy the likamnus jujuba, 
the Croton lucciferum or bihar tree, and the Butea frondosa or the pepel tree, which 
prow in Siam, As^am, IVpu, Bengal, and Malabar. The twig becomes thereby 
incrusted with a reddish mammillat^ resin, having a crystalline-looking fracture. 

The female lac insect is of the size of a louse ; red, round, flat, with 12 abdominal 
circles, a bifurcated tail, antennae, and 6 claws, half the length of the body. The male 
is twice the above size, and has 4 wings; there is one of them to 5000 females. In 
November or December the young brood makes its escape from the eggs, lying be- 
neath the dead body of the mother ; they crawl alx>ut a little way, amd fasten them* 
selves to the bark of the shrubs. About this period the branches often swarm to 
such a degree with this vermin, that they seem covered with a red dust ; in this case, 
they are apt to dry up, by being ezbauste<l of their juices. Many these inlets, 
however, liecome the prey of others, or are carried off by the feet of birds, to which 
they attach tlienisidves. and are transplanted to other trees. They soon produce 
small nipple-iikc incrustations upon the twigs, their bodies being apparently glued, 
by means ol n tr.msparent liquor, which goes on insgeasing to the eud of March, so 
as to form a cellular texture. At this time the animal resembles asmall^oval bag, 
without life, of the size of cochineal. At the commencement, a beautiful red liquor 
only is.perceived, afterwards eggs make their appearance ; and in October or Novem- 
l^^r, when the red liquor gets exhausted, 20 or 30 young ones bore a hole through the 
b.'ick of their mother, and come forth. The empty cells remain upon the branches. 
These are composed of the milky juice of the plant, which serves as nourishment to 
the insi'cts, and which is afterwards transformed or elaborated into the red^ colouring 
matter that is found mixed with the resin, but in greater quantity in the bodies of the 
insects, in their eggs, and still more copiously io (be red liquor secreted for feeding 
thejoung. After the broo<l escapes the Cells contain much less colouring matter. 
On this account, the branches should be broken off before this happens, and dried in 
the sun. In tlu* Fast Indie.s this operation is performed twice in the year; the first 
time in March, the second in October. The twigs encrusted wRh the radiated cellular 
substance constitute the stick-lac of commerce. It is of a red colour more or less 
deep, nearly transparent, and hard, with a brilliant conchoidal fracture. The stick-lac 
of Siam is the best; it often forms an incrustation fully one quarter of an inch thick 
all round the twig. The stick-lac of As'^ani ranks next; and, last, that of Bengal, 
ill which the resinous coat is scanty, thin, and irregular. There are three kinds of 
lac in commerce : stick-lac, which is the substance in its natural state, seed-Uc, and 
shell-lac. According to the analysis of Dr. John, stick-lac consists, in 120 parts, of 


An odorous common resin • 80'00 
A resin insoluble in ether • 20*00 
Colouring matter analogous to 
of that cochineal • • > 4*50 

Bitter balsamic matter *• - 3*00 

Don yellow extract - - ' • 0*50 


Acid of the stick-lac (1 accic acid) 0*7 5 


Fatty matter, like wax - • 3*00 

Skins of the insects, and colour- 
ing matter ... - 2'50 

Salts 125 

Earths ----- o*75 
Loss ----- 4*75 
120*00 


According to Franke, the constituents of stick-lac are, resin, 65*7 ; substance of the 
lac, 28 3 ; colouring matter, 0 6. 

5e€d-/ac. — When the resinous concretion is taken off the twigs, coarsely pounded, 
and triturated with water in a mortar, the gi^ter part of the colouring matter is dis- 
solved, and the granular portion which remains being dried in the sun, constitutes 
seeddac. It contains of course less colouring matter than the stick-lac, and is mimh 
less soluble. Mr. Hatchett’s analysis of seed-lac was as follows : — 


Resin - - • - - 68 
Colouring matter - - -^10 

Wax 6 

Glaten - ** - - - - 5-5 


Foreign bodies - - - 6*5 

Loss ----- 4 

100 


m 

John fomtd in 100 parts of it, resm, G6'7i wax,!'?; matter of the lac, 16'7; bitter 
balsamic matter, 2 5 ; colonring matter, 3-9 ; dan yellow extract, 0'4 ; envelopes of 
insects, 2-1 ; laccie acid, 0*0 ; salts of potash ^nd lime, 1*0 ; earths, 6 -6 ; loss, 4'2. 

ShtU-lac. — In India the seed-lac is pat into oblong bags of cotton cloth, which are 
held over a charcoal fire b^ a man at each end, and, as soon as it begins to melt, the 
hag is tvristed so as to strain the liquefied resin tQrongh its substance, and, to make 
it drop "^n smooth stems of the banyan tree {Musa paradisa"). In this way, the 
resin spreads into thin plates, and constitutes the substance known in commerce by 
the name of shell-lac. 

Vou JL 


SS 



626 


LAC-DY'E. 


Tke Pegn i^ck-lae, being rerjr dark colonred, fiimUhe* * ihell-Ue of n cotTrepood- 
ing deep boe, and therefore of inferior ralue. The palett and Snrac •b>-li.Uc t> brought 
Aom the nor^em Cirear. It containa very little colouring niatier. A >iirk-lac of an 
inlemicd'inte kind comes from the Mysore country, which yield* a bnlttaui lac-dye 
and a ahell-lae. 

Shdi-lac, by Mr. Hatchett'* anal)»ir, consints of risiri, 9ii j . cedouring matter, o 1 ; 
wax. 41) ; gluten, a 8 ; low, I’S ; m lOo part*. 

The reain may be obtained pure by treating ahell-lar with cold alcohol, and filtering 
the solution in order to separate a yellow grey pulrerulent matter. When the alco- 
hol is again distilled off, a brown, translucent, hanl, and brittle resin, of specific gravity 
t'139, remains. It melts into a rUcid mass with heat, and ilitTusrs an aromatic 
odour, Anhydrons alcohul disaolrr* it in all proportiona. According to John, it con- 
sists of two resins, one of which disaoWes readily in aleohol, ether, the volatile and 
fat oils; while the other U little soluble in cold alcohol, and is insolnble iu ether and 
the volatile oils. Uurerdorlien, however, has drtseled no less than four different re- 
sin.s and some other substances in sbell-lae. Sbell-lae dissolves with rase in dilute 
muriatic and acetic acids -, but not in concentrated sulphorie acid. The resin of sbell- 
lae has a ipeat tendency to combine with salifiable boM } as with caustic which 

it deprivM of its alkaline taste. 

This solution, which is of a dark red ecdour, dries into a brilliant, Iranspsutent red- 
^h brown mass ; which may be re-dissolved in both water and alcohol By passing 
chlorine in excess throngfa the dark-coloured alkaline solution, the lar-rr«in is precipi- 
tated in a eolonrless state. When this precipitate is washed and drinl, it forms, with 
aleohol, an excellent pale-yellow varnish, especially with the addition of a little tor- 
pentine and mastk. 

With the add of heat, shell-lac diasolvet readily in a solution of borax. 

The tofastanees which Unverdorben found in thell-lac are the following : 

1. A resin, solnUe in alcohol and ether ; 

3. A resill, solohle in alcohol, insoluble in ether ; 

3 . A lesinous body, little soluble in cold alcohol ; 

4. A crystallisable resin ; 


fi. A resin, soluble in alcohol and ether, but insoliihle in petroleum, and unrrys- 
tallisahle. 

& The tmsaponifiied fiig of the coccus insect, as well as oleic and margaric acids. 

7. Wax. 

8. The laccine of Dr. John. 

9. An extractive colouring matter. 

Shell-lac is largely used in the manufacture of sealing wax and Tsmishrs. and for 
Japanning. 

LAC-DYE, Lac Lake, or cake-lac, is the watery infusion of the grotmd sffdt-lae, 
evaporated to dryness, and formed into cakes alxiut two inches square and half an 
inch thick. Dr. John found it to consist of colouring matter, 50; resin, 25, and 
solid matter, composed of alumina, plaster, chalk, and sand, 22. 

Dr. Maclet^, of M^ras, stales that he prepared a very superior l.ic-dye from 
stick'lac, by digesting it in the cold in a slightly alkaline decoction of the dried leaves 
of the Jkiemecylon tijictonum (perhaps the J/. capitellatum, from which the natives of 
Malabar and Cey Ion obtain a saffron yellow dye). This solution being used along 
with a mordant consisting of a saturated solution of tin in muriatic acid, was found 
to dye woollen clothmf a very brilliant scarlet hne. 

The cakes of Jae-di/e imported from looia, stamped with peculiar marks to designate 
their different manufheturers (.the beet DT, the second JMcR, the third CE). are now 
employed in England for dyeing scarlet cloth, and are found to yield an. equally bril- 
liant colour, and one less easily affected by perspiration than that produced by 
cochineal. M hen the lac-dye was first intr^nced, sulphuric acid was the solvent 
applied to the pulverised cakes, bat as muriatic (hydrochloric) acid has been found 
to answer, it has to a great extent supplanted it'. A good mhent ("So. 1) for this 
dye-stuff may be prep.ared by dissolving 3 pounds of tin in 60 pounds of muriatic acid, 
of specific gravity I •IP, The proper mertiant fgr the cloth is made by mixing 27 
pounds of muriatic acid of sp. gr. 117, with 1 J pounds of nitric acid of 119 ; patting 
this mixture into a salt-glazed stone bottle, and adding to it in small bits at a time, 
grain tin, till 4 p<^ds be dissolved. -This solution (No. 2) may be used within 
twelve hours after it is made, provided it has become cold and clear. For dyeing, 
three quarters of a pint of the solvent No. 1 is to be jwured upon each poond of the 
pulverised lac-dye, and allowed to 'digest upon it ^ six hours. The cloth before 
being subjected to the dye bath, must be scoured in the mill with fuller's e»rtb. To 
dye 100 ponnils of pelisse cloth, a tin boiler of 300 gallons capacity should be filled 
nearly brimful with water, and a fire kindled under it. Whenever the temperature 
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rbe* lo ISC^ Fahr., a handful of bran, and half a pint of the solution of tin (No. 2) 
are to be introduced. The froth, which liises as it approaches ebullition, must be 
skimmed off ; and when the liquor boiU, 10| pounds of lac -dye, previously mixed with 
7 pints of the solvent No. 1, and 3^ pounds of solution of tin No, 2, must he |)oured 
in. An instant afterwards, 10^ pounds of tartar, and 4 pounds of ground sumach, 
both tied up in a linen hag, are to be suspended in the boiling bath for five minutes. 
The fire beinir now withdrawn, 20 gallons of cold water, with loj pints of solution of 
tin being j>oured into the bath, the cloth is to be immersed in it, moved about rapidly 
during ten minutes; the fire is to be then re-kindled, and the cloth winced more 
slowly through the bath, which must he made to boil as ijuicklj as possible, and 
maintained at that pitch for an hour. The cloth is to 1 k' next washed in the river ; 
and lastly with water only, in the fulling mill. The abo\e proportions of the ingre- 
dients produce a brilliant scarlet tint, with a slightly purj>le cast. If a more orange 
hue he wanted, white Florence argal may be used, instead of tartar, and some more 
sumach. L'tc-d\e may bo «;ubvtituted for cochineal in the orangC'Scarlets. 

To detennnie tlu- tinctorial |*ower of lac-dye by comparison with proved samples, a 
dye-bath is pn pared as follows : — 5 grains of argal, 20 grains of fiannel or white cloth, 
r> grains of lac-d,\e, 5 grains of chloride of tin, 1 qftirt of water. Heat th# water to 
the boiling p<nnt in a tin or china vessel ; add thereto the argal, and then the piece of 
cloth or fiannel. Weigh off 5 grains of the Iac-d\e and puherise it in a Wedgewood 
mortar, with the 5 grains by measure of chloride of tin, and pour the whole into the 
l»ot liquor containing the cloth, taking care to rinse the mortar with a little of the 
hot liquor ; keep the whole boiling for about half an hour, stirring the cloth or 
flannel about with a glass rod ; then withdraw the cloth, wash and dry it for com- 
parison. — IS'urmandy. 

In the former e<liiion was a table of the imports and exports of lac-dye and lac- 
lake. which show that in 1S02 only lbs. were imported, which rose, however, in 
1^37. to 1.01 l,f)74 lbs.; the \c., for the last ihreo yi.'irs being — 
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LACCIC ACID crystallises, has a wine-yellow colour, a sour taste, is soluble in 
water, alcohol, and ether. It was extracted from stick-lac by Dr. John. 

LACCINE is the portion of sbell-lac which U insoluble in boiling alcohol. It is 
brown, brittle, translucid, consisting of agglqpierated pellicles, more hke a resin than 
anything else. It is in.solublc in ether and oils. It has not been applied to any use. 

LACE Bark. The reticulated bark of the Lageita lintearia. This solits into 
fibres, which resemble lace. 

LACE MANUFACTURE. The pillow-made, or bone-lace, which formerly gave 
occupation to multitudes of women in their own houses, has, in the progress of me- 
chanical invention, been nearly superseded by the bobbin-net lace, manufactured at 
first by btod-machines, but recently by the power of water or steam. Bobbin-net 
may be said ti^sorpass every other branch of human industry in the complex ingenmtv 
of its machinery ; one of Fisher's spotting frames being as much beyond the most 
curious chronometer in multiplicity of mechanical device, as that is beyond a common 
roasting-jack. — C/re. 

The thre^ in bobbin-net lace form, by th^r intertwisting and decussation, regular 
hpagonal holes or meshes, of which the two opposite sides, the upper and under, are 
greeted along the breadth of Uk piece, or at right angles to the selvage or border. 
i^« 7 . 1054 shows how, by the crossing and twisting of the threads, the regular six-sided 
mesh IS p.^uced, and that the texture results from the union of three separate sets of 
thready of which one set proceeds downwards in serpentine lines, a second set pro- 
ceeds from the left to the4-ight, and a third from the right to the left, both in slanting 
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dimtioot. Th«ie oWiqne threads twist thcmselrr* round the Tcrtical one*, and also 
erou each other betwixt them, in a [lecalis- niannrr. This mar he nadiljr undrrstoisl 
by examining the representation. In ctsmparmg bobhm-net wuh a comtnon web. the 
perpendicnlar threads in the figure, which are pamlict to the border, rosy be regarded 
at d>e warp, and the two sets of slanting thread as the weft 



These warp threads are extended up and down, in the original mnnntlng of the 
piece between a top and bottom horixontal roller or beam, of which one it calUd the 
warp beam, and thi' other the lace beam, because the warp and Anisbed laer are wound 
upon them respectively. These straight warp threads receire their contortion from 
the tension of the weft threads twisted obliquely round them alternately to the right 
and the lef^ band. Were the warp threads so tightly drawn that they hecanie in- 
dexible, like Addle-atringa, then the lace would nssiimc the appearanee shown in 
Jig. 1055; and although this condition docs not really exist, it m.iT serve lo illiisiraie 
the stmctureof the web. The warp threads stand in ihc posu’i.ins « a. «' a', and 
a" af'i the one half of the weft proceed# in the direction b b, b' 5', and b' b'i and the 
second crosses the Arst by running in the direction c c, or c' e', towards the opposite 
side of the fabric. If we pursue the path of a weft threap we And it goes on till it 
reaches the outermost or last warp thread, which it twists about; not once, at with the 
others, but twice; and then returning towards the other border, proceeds IsTa reverse 
direction. It is from this double twist, and by the return of the weft threads, that the 
selvage is made. 

The ordinary material of bobbin-net Is two cotton yams, of from No. l^o to No. 230, 
twisted into one thread; but sometimes strongly twisted single yarn has been used. 
The beauty of the fabric depends upon the quality of the material, as well as the regu- 
larity and smallness of the meshes. The number of warp threads in a yard in breadth 
is from 600 to 900; which is equivalent to from 20 to .lO in an inch. The sixe of the 
holes cannot be exactly inferred from that circumstance, as it depends partly upon the 
oblique traction of the threads. The breadth of the pieces of bobbin-nel varies from 
edgings of a quarter of an inch to webs 12 or even 20 quarters, that is, 2 yard.s wide. 

Bobbin-net lace is hianafactured by mewns of very costly and complicated machines, 
called yi-aaies. The limits of this Dictionary will admit of an explanation of no more 
than the general principles of the manufacture. The threads for crossing ahd twisting 
round the warp, being previously gassed, that is, freed from loose Abres by singeing 
with gas, are wound round small pulleys, called bobbins, which are, with this view, 
deeply grooved in their periphery. Fige. 1056, 1057, exhibit the bobbin alone, and with 
its carriage. 

In the section of the bobbin a, fig. 1056, the deep groove is shown in which the 
thread is wound. The bobbin cimsists of two thin discs of bra.ss, cut o«t in a stamp- 
press, in the middle of each of which there is a hollow space c. These discs arc 
riveted together leaving an interval between their edge all round, in which the thread 
is coiled. The round hole in the centre, with the little notch at top, serves for spitting 
them upon a feathered rod, in order to"bc Ailed with thread by the rotation of that 
rod in a species of reel, ealled the bobbin-AHing machine. Each of these bubbins 
(about double the sixe of the Agiirq5 is inserted into- the vacant space o of the car- 
riage,/^. 1057. This isa small iron framefalsn double the sixe of the Agure), which, 
at e e, embraces the grooved border of the bobbin, and by the pressure of Be sp^g 
at /, prevents it from falling out This spring serves likewise to apply snflicient 
friction to the bobbin, so as to prevent it from giving off its thread at g by its lotafion. 
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unless a certain small force of traction be employed upon the thread. The curvilinear 
groove h A, sunk in each face or side of the carriage, has the depth shown in the sec- 





tion at h. The groove corresponds to the interva^betwoen the teeth of the comb, or 
bars of the holt, in which each carriage is placed, and has its movement. •A portion 
of tliat bolt or comb is shown at o, 1058 m plan, and one bar of a circular bolt ma- 
chine at 6, in section. If we sup- 
pose two such comlM or bolts 
placed with the ends of the teeth 
opjiosite each other, but a little 
apart, to let the warp threads l>e 
stretched, in one vertical plane, 
b(‘twcen their ends or tips, we shall 
have an idea of the skeleton of a 
hobhin-net inaohiin*. Oneoflliesc 
two comh<5, in tlie double bolt ma- 
chine. has an occasional lateral 
movement called equal to 

the interval of one tooth or holt, 
by which, after it has receive<l the 
bobbins, with their carnages, into 
its teeth, it can shift that interval to 
the one side, and thereby cret into 
a position to return the bobbins, 
with their carriages, into the next 
Series of interstices or gates in 
the other bolt. By this means the 
whole series of carriages receives successive side steps to the right in one bolt, and 
to the left in the other, so as to perform a species of counter march, in the course 
of which they are made to cross and twist round about the vertical warp threads, and 
thus to form the meshes of the net 

The number of movements n-quired to form a row of meshes in the double tier 
machine, that is, in a frame with 2 combs or bars, and 2 rows of bobbins, is six ; that 
is, the whole of the carriages (with their bobbins) pciss from one bar or comb to the 
other six times, during which passages the different division^ of bobbin and warp 
threads change their relative positions 12 tiHies. 

This interchange or traversing of the carriages with their bobbins, which is the most 
difficult thing to explain, but at the same lime the most essential principle of the lace- 
machine. may be tolerably well understood by a careful study of^g. 1059, in which the 
simple line | represents the bolts or teeth, the sign ^ the back line of carriages, and the 
sign ^ the front line of carriages, h is the front comb or bolt bar, and i the back bolt 
1 2 3 ^4 5 6789 
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bar. T^ former remains always fixed or stationary, to receive the carriagee as they 
may be presented to it by the shogging of the latter. There must be always one odd 
carriage at the ead ; the rest being in pairs. 

8 8 3 





szo 


LACTIC ACID. 


Nf>. I repre*ento the carnages in tho fn>nt comb m bar, the old camasr.' brtnir at the 
left eaiL The back line f>f cjm.o*s w lir^t im V* the Kirk Kir i. the tM 

carriage as seen in No, 1. haung K--- n !' !i iHrhiii*!, tw’.iti; n * cjrr.^,.:' -j to 
drive it over to the other cumh or Kir. The cirria;'* > iK-n ^tand as m No J. I b'- bar 
1 now shifts to the left, as shown in N'x T . the ft uii r.irria«o4 thm go int . the 

back bar or conih, as is rvpr»’senl»‘'l by No, 4. 1h* Kir i I'.ow slu't* to fh*“ and 

gtres the position No. The tV«mt eamaijes an* then »lni*- i ov« r to the fr ^nf Issr. and 
leave the odd carriage on the back Kir at the ri,;ht *n.l. for the s.ami' r* as- n as lx f*re 
described, and the carriages stand as shown in N-*. h. The Uir i neat shdU to the 
left, and the carriMi*s stand as tn No. 7 (the o*ld c.irnage U’lng ther- hi on the hack 
bar to the left). The back carriages now come over to ilie front twr. and stand a* m 
No. 8. 'Fhe back bar or comb i shifts to the right as Men m No ‘j. wh ch c-wn- 
pletes the traverse. The whtde carriages with Ibeir bobbins have ni»w chmgixl thcjf 
position, as wdl he seen hy comparing No. • with No, I* The ohl rarrui.r»*. No I, 
<p has alvancet! one step "to the right, and bas bccopie one of the fH*nt t.* r . one of 
the haek tier or line «p has ailvaneetl one step to the left, and has h»*eonn‘ ih** •■Id 
carriage; and one of tlic front ones tp has gone over to the beck line* Th** l*ohhins 
and carriages thronghout the whokj width of the machine have thus eruserd each other s 
coarse, anu completed the mesh of n< (. 

The carriages with their bobbins are driven a certain wai from the om- cfimb to 
the other, by the pressure of two long bars (one for i*acb) phc<d .tKh*' tii.- level of 
Ihe comb, until they come into sin li a p#>sirjon that th» ir proj.M tir.g lueU or calchgg 
I i.Jig. 10.')7, are moved otT by two otlwr long dat Kars Kdow, calitd the locker plati*#, 
and thereby carried comp!' tdy over the int*Tv.il K'lween the two combs. 

There are siv different «istenis of K»hhin-m't machines, 1. Heathcnate s jsilcnl 
machine. 2. Brown’s traverse warp. .T Morlei ’s straight bolt. 4. t’hrki 's pii»her 
principle, single tier. 5. f^oaver’s machine, single tier. 6. Morley s circular holt. All 
the others are mere variations in the construction of some of their parta It i*- a 
remarkable fact, highly honourable to fhe meehaiural judgment of the late Mr. .Morh y 
of Derby, that no machines except those upon his circular bolt priociplc have Um 
found capable of working successfully by merhani<'al p^iwi r. 

The eircnlar boh machine (comb with curved tet'th) was us»'d by Mr. Morh y for 
making narrow breadths or edgings of lace immediately after its tirs^ invention, and 
it has been re^lariy used by the ti^e for tbat pnrpote ever since, in rutise<iucnce of 
the inventor living dectin^ to secure ,tlie incmo|i|^y of it to himself bv patent. At 
that time the locker bars for driving aevM the carriages biri only one plate or blaile. 
A machine so mounted is now call^, **the single locSrr eireular boH.** Id the )ear 
1824, Mr. Morley added another plate to each of the locker bars, which was a groat 
improvement on the machines for making plain net, but an obstruction to the making 
of narrow breadths upon them. This machine is now distinguished from the former 
by the term double locker.” 

A rack of lace, is a certain Imgth of work counted perpendicularly, an-l contains 
242 meshes or holes. Well-made lace has the meshes a little elongated in the direc- 
tion of the selvage. 

Mr. Heaihcoate’s machine, invented in 1809, was the first successful lace-making 
machine. 

Mr. Morley patented his in 1811, and in the same year Me'srs. Marl and Clarke in- 
vented the pusher machine, and Messrs. I^eaver and Turlon, of New Radford, brought 
forward the lever machine. In 1817, Mr. Heathcoate applied the rotatory movement 
to the circular bolt machine and monnTsd a manufactory at Tiverton on this plan, 
where the lace mannfacture is still carried on extensively. « 

L \CTIC ACID, *Syn, Nanceic acid, (<i4ciWe {aeft^rue, Fr, ; Afifehsattre, 

fJenn. ) Discovered by Scheele in soar milk. Subsequently, M. Braconnot examined 
the sour liquid which floats above starch during its manufacture, also the acidified de- 
coctions of various vegetables, including beet-root, carrots, peas. &c., and found an acid 
which he con.sidered to ho peculiar, and coDsequen*ly named the nanceic. The acid 
formed under all tin sc circumstances turns out to be the same ; it is, in faijt, lactic acid, 
which modem rc^i-arclies show to he a constant prfwluct of the fermentation of sugar, 
starch, and bodies of that class. The acidity of sauerkraut is due to the presence of the 
same substance. I^iehig has recently extended and confirmed the experiments made 
many years ago by Berzelius, on the presence of lactic acid in the juice of fiCvsh, bat 
he denies its existence in urine, a.s a.sserted hy MM. f'ap and Henry, and others. 

Prepcfratinn , — Lactic acid can he prepared easily in any quantity hy the fermenta- 
tion of sugar. Care must be taker, however, that the process does not go too far, 
because lactic acid undergoes witli facility another decomposition, by which ifc.beeomes 
converted into butyric acid* The following proec'ss of M. Bensch for the preparation 
of lactate of lime can be recommended by the author of this article aa yiel^ng ^ * 
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small trouble and expense a very large quantity of product In fact, he has prepared 
with facility upwards of thrt o pints of butyric acid from lactate of lime obtained in this 
mannt'r. l>i^solve 0 lbs. of lump sugar, And half an ounce of tartaric acid in two 
gallons and a half of boiling water. Leave for a day or two, and then add two ounces 
of rotten cheese, and a gallon of skimmed milk stirred up with three pounds of 
Well washed prepan d chalk. The temi»eratarc should not fall bebtw F. nor rise 
above Tlie water lost by evaporation must he made up by adding a little every 

few <la>s After a time, varying from ten days to a month, according to the tempe- 
rature and <‘lhcT circumstances, the whole becomes a magma of acetate of lime. Two 
gallons of boiling water must then be added, and half an ounce of quicklime and the 
whole, after being boiled fdr half an hour, is to be filtered thnmgb a linen or flannel 
bag. The filtered liquid is to be evaporated until it Ingins to get somewhat syrupy, 
the fluid in this slate being put aside to a!l«»w the salt to cry slailise. The crystals, 
after lieing slightly washed with cold water, are to be recrystaUised two or three limes. 
To obtain lactic acid from the lactate of lime, it is necessary, in the first place, to 
converl the lalti r salt into that of zinc. For this purpose a crude lactic acid is fin^ 
obtainM thus : to every two pounds three ounces of lactate of lime dissolved in twice 
its weiglu of boiling water, seven ounces of oil of i^triol previously dilutM with twice 
its volume of water are to he added. The boiling fluid is to be strained through a linen 
hag to remove the precipitate of gypsum, and the filtered liquid is to be boiled for 15 
minutes with ounces of carbonate of zinc. The boiling roust not be continued 
.longer, or a sut^tof sparing solubility would be produced. The liquid, which is to 1^ 
filtered boiling, will deposit on cooling the lactate of zinc in colourless crystals, which 
arc to be wssh<^ with a little cold water, and after being drained arc to be dried by ex* 
posurc to the air on frames covered with filtering paper. The mother liquid will 
yield a fresh quantity of lactate if it be boiled with the salt remaining on the filter 
and evaporated. 

From the lactate of zinc the acid is to be separated by pa.ssing sulphuretted hy- 
drogen through the solution of the salt in eight times its weight of boiling water. 
The gas is to bo expelled by heat, and the fluid on evaporation yields pure syrupy 
lactic acid. 

Lactic acid is a colourless syrupy liquid of a powerful pure acid taste. Its specific 
gravity is 1*215. It is hiliasic, consequently the general formula for the lactates is 
; M representing any inetaU 

The most important salts of lactic acid are those of zinc and lime. The former salt 
is that generally formed in examining animal or vegetable fluids with a view to the 
isolation of the acid. It is found w ith two ditrerent quantities of water according to 
the circumstances under which it is prepared, and it is worthy of remark that the 
amount of water of crystallisation remarkably affects the solubility of the salt in water 
and alcohol. 

l.actic acid is produced from alanine by the action of nitrons acid according to tbe 
following equation : — 

2C«H»N(V + 2N(y * + 4N + 2HO. 

AUnire. Lactic acid. 

Anhydrous lactic acid, is produced by the action of heat on the syrupy 

acid. Lactic acid is considered by chemists to be constructed on the type of four 
atoms of water in which two atoms of hydrogen are replaced by the radical lactyl, 

thus:- 

The other two atoms of hydrogen are conscqnenfiy basic. It has been said that 
lactic acid may, by fermentation, be converted into butyric acid ; the following equa- 
tion represents the metamorphosis ; 

C'lr^o” = c*n"o' + 4CO* + 4H. 


lactic acit?. Buljric acid. 


All the ^Sttyric acid employed for the preparation of butyric ether, or pine-apple 
essence, is now prepared by the ftnnentation of lactate of lime. — C. G. W. 

LACQUER, is a varnish, consisting chiedy of a solution of pale sliell-lac in alcohol, 
tinged with saffron, annotto, or other colouring matters. See Varnisu. 

LACTOMETER is the name of an.instmment for estimating the quality of 
milk, called also a Galactometer. Tbe most convenient form of apparatus would be 
a scries of glass tubes each about 1 inch in djpmeter, and 12 inches long, graduated 
through a space of 10 inches, to tenths of an inch, having a stopcock at the bottom, 
and sus^nded upright in a frame. The average milk of the cow being poured in to the 
height of 10 inches, as soon as the cream has all separated at top, the thickness of its 
. a s 4 
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body may be metsiffed by the scale ; ami ibeo the skim-milk but be nm off belov 
into a bydroineter glas^t, in oplvr to lieterimuc^ its dcu'nty or rvlaU'c nchotT^s lo caseoni 
matter, aod dilution with wat* r. 

LACUSTRINE FORM VTION (.i ijtrMi -il Urm). lb lonffinjf to a lake. 

LAKES. Under this g*‘neral title is included all tbme |>i|*nirnu which arr prej'arcd 
by eofnbioing vegetable or animal colouring matter with earh* or meulhc oud^a. 
The general method of |>rvparatKvi to make an infa«toii of the tubtunce. and to add 
thereto a solution of common alum; or aometmies. whm it has been tjicr**ary lo 
extract the colouring matter by the ag^mey of an and. a s^dut.oo of a^um saturated 
with potash. At first, a slight precipilalo falls, confuting of aluniioa and the c«>lc*urfi»g 
matter ; but if some alkali is added the precipifale is tnrrra*r»l. Nwnr ct-lour- 
ing matters are brightened by alkalies ; then the decoction of the dje stwff i» made 
in an alkaline liquor, and being filtered, a sedutioo of alum is poured into it. Where 
the affinity of the colouring matter for the subaolphate of alnmina U great, alumina 
recently precipitated vs agitated with the decoction of the colcmrlng body. The manu- 
facture of lakes depends on the remarkable property po ese sse d liy alumina, of rum- 
bioing with and separating the organic cutonnng mailers fh>m ibetr soluiioos. 

hA Dikes . — The finest of the« is CABJiiNr:, which, as carmiaated lakes. calU-d 
lake of Hcarenee, Paris, or ViAna, is usually prepartd by taking the liquor de- 
cantud firon the carmioe, and adding freshly precipitated alumina to it. The tuixture 
is warmed a little, briskly agitated, and allowed to settle. S>>n)ct!in* s .iltim is diaaolved 
in the decoction of cochineal, and then the alnmina prcopitatM h) . but thy 

colour is not good when lakes are thus prepared, and to improve it tii< doer's solution 
of tin is offen added. A red lake mav !>«• prepare<i frf>m kermt's m a siintUr manner. 

Brasil wood fields a red lake, d'he woo*! is hoilt^l in a pro|HT quantiiy of wafer 
for 15 minutes, and then alum and s<»lutton of tin Wing addl'd, the liquor is to U* 
filtered, and solution uf potash poured in as long as it occasions a precipitate. This 
is separated by a filter, the powder well washed, and being mixed with a little gum 
water, made into cakes. Sometimes the Brasil wood is boiled with rinegsr instea^l of 
water. An excess of potash produces a lake of a violet colour, aod creum of tartar 
gives it a brownish hue. 

Madder is much used in the preparation of lakes. 

The following process it recommended : 

^ Diflhte two ponods of ground madder in four qoartt of water, and after a maceni- 
tkmof 10 minotea stnun and aqnacse thegronnda tn a preaa. Repeat this macerarion, 
&c., twice upon the same portion of madder. It will now ^va a fine rose colour. It 
must then be mixed with five or six pounds of water ana half a poond of bruised 
alum, and heated upon a water>bath for 3 or 4 hours, with the addition of water, as 
it evaporates ; after which the whole must be thrown on a filter cloth. The liquor 
which pa^es through is then to be filtered through paper, and precipitated by ear- 
bonate of pota.sh. If potJi.sh be adiled in three successive doses, three different lak« s 
will be obtained of diminishing beauty. The precipitates must be washed until the 
water comes off colourless, then with gum water made into cakes. 

Yellow Lakei are made with decoctious of Persian or French berries, to which some 
potash or soda is added ; into the mixture a solution of alum is to b*' poured so long 
as any precipitate falls. Quercitron will yield a yellow lake, provided the decoction 
is purified by either butter-milk or glue. Annolto lake is formed by dissolving this 
substance in a weak alkaline lyc, and adding a solution of alnin to the solution. 

Lakes of other colours can be prepared in a similar manner ; but true lakes of other 
colours are not usually manufactured. ♦ 

LAMINABLE is said of a metal which may be extended by passing between 
steel or hardened (chilled) cast-iron rollers. 

Id the manufacture of rail and bar iron, laminated iron U rolled tocher at a 
welding heat, until the required bar or rail is formed (see Rails). rtU is, even 
under the best pocsihle circumstances, a defective manufacture. The union of the 
bars is never ab'>()lntely complete, and the result of the long-continued action of trains 
of carriages upon all r.uls is the development of the laminated plates, whiqh frequently 
peel off, layer after laver, to the destruction of the rail, and to the great danger of the 
traveller. Railway iron should be rolled into form fiom perfect!) homogeneous masses 
of metal. This lamination of iron rails has been laid hold of by those who advocate 
the hypothesis that the slate rocks owe their lamination to mechanical pressure, 
whereas it is evidently the result of an iiTi*jKjrfect manufacture. See Rolling Mills. 

LAMllJM ALBUM, or the dead nettle, is said by I^uchs to afford in its leaves a 
greenish-yellow dye. The L. purpusenm dyes a reddish-grey with salt of tin, and a 
greenish tint with iron liquor. ^ 

LAMP-BLA('K. Every person knows that when the combustion of oil in a lamp 
is imperfect it pours forth a volume of dense bbek soot. According to the quantity 
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of ciirboD contained in the material empl^jed, so is the illuminating power of the 
flame produced hy combutUon. If» therefom we have a very bnlliant flame, and we 
subject It to any condjijons which shall impAe the progress of the combination of the 
carlwn with the ox\gen of the air, the result is at once the formation of solid carbon, 
or lamp-black. Thi!» is exhibited in a remarkable and often an annoying manner by 
the camphine lamp. If oil of turpentine, resin, pitch oil, or fat oil, be burnt in lamps 
under a ImmhJ, with either a rapid draught or an insufficient supply of air, the lamp* 
black collvcis on the hood, and is occasionally removed. Sometimes a metallic roller, 
generally of tin, is made to revolve in the flame, and rub against a brush. By the 
ctxding influence of the metal, the heat of the flame is diminished, the combustion 
retarded, and the carbon deposited, and in the re\<»lutu>n of the cylinder swept off. 
t'ampbor burning forms a xery beautiful black, which is sometimes used as a 
pigment. 

The common varieties of lamp black are made from all sorts of refuse resinous 
matter.'j, and from ihe rejected fr.agments of pine tr^s, &c. In Germany, a long flue 
is constructed in connection with the furnace in which the resinous substances are 
burnt, and this tUu' communicates with a hood, composed of a loose woollen cloth, held 
up by a ro|K‘ pa.ssmg over a pulley. Ppon this thc#Dot collects, and is from time to 
Muo shaken down. In the best conducted manufactories about 3 cwt of Ufhip black 
is collected in each hood in about twelve hours. In England, lamp-black is sometimes 
prepared from the refuse coking coal, or it is obtained in connection with coke ovens, 
'fhe lamp-black, however, obtained fVom the combustion of coal or woody matter is 
* never pure. Sec Bone Black, Ivory Black. 

Lamp, DAVY. Sec Safctv Lamp. 

LAMPS. Under Ilh minatios, will be found some notices of several kinds of 
lamps especial refen pco to the quantity of light produced by them. 

l.amps are very varied in form, and equally xaried in the principles involved. A 
brief <lescription, however, of a few of the nKnlem varieties must suffico. 

TAc tuot/t'fii/ar lump. — The spir.il spring has recently Wen introduced into the mo- 
derator lamps, for the purpose of forcing the oil up the wick of the lamp. This will be 
understoo^l by the following description and drawings : — 

The distinguishing character of the moderator lamp is the di- 
rect transmission of the power, in the reservoir of oil, to the 
resistance offered by the weight of the column of (fil, as it 
rises to the cotton ; — and secondly, the introduction ol a rec- 
tangular regulator, which equilibrates constantly by the resist- 
ance of the oil and the force applied to raise it. In the reservoir 
( fiy. I OGO), is a spiral spring wiiieh presses on the disc or piston, 

Jig. lOGl. which is furnished with a valve opening downwards. 

This spring is attached to a tooth rack, worked by a pinion 
wheel, by the means of which it is wound up. The mechanical 
force of the spring is equal to from 1 5 to 20 pounds ; and as this 
force is exerted upon the disc, floating on the oil, this is forced 
up through the tube, and it overflows to the argaud burner, tho* 
roughly saturating the cotton, and supplying a constant stream of 
oil. This oil falls backinto the reservoir, and is, of course, above 
the disc. When the spring has run down, it is again wound 
up ; and then the valve opening downward allows the oil to 
flow back beneath the disc, to be again forced up through the 
tube. As the pressure employed is so gt^at, the oil would, 
but for the “moderator,” flow over with too much rapidity. 

This moderator^ or regulator, is a tapering rod of iron-wire, 
which is placed in the ascending tube; and, as the pressure 
• increases, it is forced more into it, and checks the flow of oil ; 
whereas as it diminishes it falls, and being tapering, allows 
more oil to rise. Several ingenioKS adjustments are introduced 
into these %mps, as manufactured by the Messrs. Tylor of 
Warwick Lane, with which we nqpd not at present deal. The 
cylinders co’htaining the oil are covered with cases in metal 
or fcometimes of porcelain. Two drawings of these are shown 
{Jig, 1062 and/<;. 1063). Thesg lamps admit evidently of yet 
more elegant forms than have been give^ them. The urn- 
shaped, from the antique, in very pure taste, is the lust intro- 
duction of the house above named. • 

It w(v«ld be tedious to enumerate the various modifications of form and action to which 
the oil lamp has been subject, previous to its arrival at what may be deemed its per- 
fect construction by Argand, The discovery of the mode of applying a new principle 
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by this iodiTidoal not only prodncc«i so en ire revolaticw io the msxiitfscftirr of the ar- 
ticie, but threatened with rum ail whc m th** paU nt eaclu<icd frt*m psrticipatkMi 

^ in the new trade . »«> much fto lodred, 

, that Arfcami, who had not hero ^ 

tu the hunuuTis, was pub- 
licly tHTsocutod hr the imoer*. lock- 
an'l >ror}iu«>npt-r«, who dif- 
pnt<>«l his r>j;bt txy any m}prt)veaienU 
fi> infritijite the pro5t» pf their chaf- 
lend tocation. “ Thi* intentioo," to 
rjonic a d«*scrip(ion of the lamp pub- 
lished s*'tnc >ear» “emhracis so 
many improvement* «|ion the com- 
moo lamp, and has become so nfene- 
ral throughout Euru{ir. that it may 
ht* justly ranked among the grrattsc 
discoveries of the age. As a suhsli- 
tule for the candle, it has the advan- 
tage of great iTonomy and c^mve- 
ntcnce. with niurh greater bnliiancy; 
and for the purpose* of producing heat, 
it is an important instrument m 
hands of the chemist ^Ve mav, with 
some propriety,’* rontinm^ thisanth«>* 
rity. ** compart' the common lamp and 
the candle, to 6re made in the open 
air, without any forced method of 
auppl^ing it with osygen ; while 
the Argand lamp may be compared 
to a Arc in a fnmacc. in which a 
rapid supply of oxygen i« fnmisht'd 
by the vi’hK'ily of th»‘ asrcuding cuf- 
i^ant This, however, is nut the only 
advaatage of this valuable invention. 
.... It it o bv i oat that, if the combostible 

vajwur occnpiei a considerable area, the oxygen of the cannot combine 

with the vapour in the middle part of the ascending eohnan. The ootside, therefore, 
is the only part which enters into combustion; the middle constitiiting TrH tr, 'fhis 
evil is obviated in the Argand lamp, by directing a current of atmoapherk air 
^rough the flame, which, instead of being rai.sed from a solid wick, ia produced 
from a circular one, which surrounds the tube through which the air ascends.*’ 

The mechanism of the Argand burner, in its present improved state, will he clearly 
nnderstood from the annexed tiguresand explanation, which apply equally to each de- 
scription of the lamps hereafter described. 

A, Jiff. 1064, is a brass tube, about 3 ; inches in length, and Ij inch wide; within this 
1064 placed another, b, 

which is soldered fast in- 
side by the at c : 

the spade between these 
tubes contains the nil sur- 
itn^ing the wick, and 
which, being freely ad- 
mitted from tbe reservoir 
by the side pipes he. rises 
in the tubular space, either 
to a height corresponding 
with its level^in tbe reser- 
voir, or at least so as to 
maintain the wick in a 
state of constant satnra- 

tion. The tube b is of considerable thickness, having a spiral groove cut about it 
from top to Iwttom : f is a metallic ring made to slip over the tube n; it contains a 
short pin inside, which fits exactly into the spiral groove just mention^: o is the 
circular woven cotton wick, the lowe?end of which is drawn light upon the neck of the 
ring; h is a copper tube, with a slit nearly from top to bottom : it admits ^e ring 
F, and being dropped over tbe inner lube n, exactly fits the inside of the wider tube 
, hy means of a narrow rim near the top ato, and another at the bottom 6; between 
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the upper rim and the margin, thvre is a small projecting pin c, vhich, ^hen the whole 
apparatus is comhiiud. fits iuu» the cavity e of the collar l. To pre pare the lamp for 
Use. the tube H is plae«.-l U iwecn A and % as just described : the nng f, with its 
charge of cotton, js le xt inserted, the pin in the inside falling into the spiral groove, 
ai d that on the outsule entering the slit in the tube h, which, on being turned about, 
nioM's the ring ¥ down upon the screwed inner tube, until the wick only just rises 
al>ovc the vup< nor edg> « of the tubes, in the interval between which it lies in the oil 
In tins stage, the frame 1 is placed on the nick in the collar at e, falling upon the pin 
r<ar the top of ji : the lower disc / y, passing over the tube a. at once presents a 
coiiTeim.nt support for the glaw chimney, and a finger-hold for raisin:: the wick. The 
central tube is open throughout, communicating, at its lower end, with the brass 
receptacle K ; the latter is ]>crf«»rated at t<»p, to admit the air which, by circulating 
thnmgh the above tub^*, and the holIoM, tlaine which surrounds it. causes the lamp to 
burn with that peculiar freetbon and brilliancy which distinguish thQ^-Argand con- 
struction. This last-nu niioiu'd receptatle likewise catches any small ^uMiUty of oil 
which may ] ovt r the inmr tube during the combustion of the wick. JL is the 
bra's jieg, whic h fits into the up|K'r part of the pillar, in the table lamp. 

In nddit on to the endless variety of small portable lamps, the peculiarities of which 
it would be t< dious to particularise, and the merit which, as compared ^ith those 
on the Argand principle, consists, for the most part, in their cheapness, the more im- 
portant articles, and those generally in demand, may be distinguished as fixed or 
ij^raoket lamps, suspended or chandelier lamps, and table 
or French Lamps — all these having burncra on the prin* 


nple above described. The former sort wore, previous to 
the introduction of gas, very common in shops. The 
globe A (Jhj. 1005), wluch is somethnes made plain and 
1 005 



sometimes embossed, as in the cut, screws off, when the 
oil is poured in at an opening in the lower part, which 
is afterwards closed by means of a slide attached to 
the stem, b, and the globe, thus replenished, is inverted 
and screwed into the part, c. When the lamp is used, 
the stem n is raised a little, and the oil is suffered to flow 
through the intermediate tube into the cistern D.only at the 
rate at which it is cc nsuiiud by the burning of the wick. 
The peculiar form of the g]a«‘S chimney e is admirably 
calculated to assist in the more complete combustion of 
the matter drawn up to the wick when impure oil is used, 
a desideratum originally in part secured by placing over 
the centr^ tube, and in the imdst of the flame, a cir- 
cular me&4 plate, by means of which the ascending 
^lumn of air was turned out of ^ts perpendicular course, 
and thrown immediately into that part of the flame where 
the smoke is formed, and which by this ingenious con- 
trivance is effectually consomt^ ; this application, how- 
ever, is not necessary, nor the form of much moment, 
when purified sperm oil is used. These lamps being 
usually made to move on a pivot at r, attached ^o the wall 



or oth^ support, are very convenient in many situations, as being easily advanced 
over a desk or counter, and afterwards turned aside, when not in use. 
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The tlnambnl lamp havlug passod out of txie nwd not be 

The use of apirit bmps fullowtd. and we ha%e th.' oapbiha and caniph.r.e bmpa 
this order. The sccompaoTin^ (» showi the p^rulur^iy of the 

camphine bmp where the reservoir i.f spirit {torj^ntinc chpnvt'd of simdi) u far 
below the burner, to which it ascends hy rapilUrv aitncfom, through ihc tubes of the 
cottoo wick. Lamps to burn naphtha* ^c.) are constructed on the same 

principle. 

One of the best oil Uinps, is that known a* <‘arr. l’» bmp. 

In this bmp the oil is niis(*d through tubt** hr clock-work, so a* cootinaallT to 
overflow at the bottom of the burning wick ; thiw keeping it thoroughly soaked, while 
the excess of the oil drops back into the ctstcm N*low. I have psws^'vse^i for several 
years an excellent lamp of this description, which performs most saiivfactoniy ; bat 
it can hardly be trusted in the hands of a senrant ; and when it gets at all deranged, 
it must be soot to its constructor in Paris to be repaired. The light of tbi* lamp, 
when furnished with an appropriate tall glass chimney, is very brilliant, though not 
perfectly uniform ; since it fluctuates a little, hut always pefw|jfihly to a nice ob- 
server, with the alternating action of the pump-work ; U'coming dimmer after every 
successive jet of oil, and brighte^ust before it* return. The flame, more*>Ter. always 
flickers nipre or leaa, owing to tfle jiowerful draught, and reriangubr n*verU ratory 
shoulder of the chimney. The mechanical bmp i*. however, remarkable for con- 
tinging to bom, ooC Only with unabated bat with increasing splendrmr for 7 or fl 
hours ; the vivacity of the combustion increasing evidently with the inenw/wd tenj- 
perature and fluency of the od, which hy its ceasetens circulation through the ignited 
wick, gets eventually pretty warm. In the eomparalive experimtmts made «p«m 
different lights by the Parisian philosophers, the mechanical lamp i* commonly taken 
as the standard. I do not think it entitled to this pre-eminence : for it may he 
made to emit very different quantities of light, according to differencew in the nature 
and supply of the oil, as well as variations in the form and position of the chimnev . 
Brides, such lamps are too rare in this country to be selected as standards of illu* 
minatioTU 

The following experiments by Dr. Ure, arc well worth preserving. 

The great obstacle to the combustion of lamps lies in the vii.cidjiv . .and ronveqnent 
slnggish supply of oil, to the wicks ; an obstacle nearly insuperable with bmp« of the 
common eonstruetioii during the Winter months. The reUtive viscidity or relative 
fluency of diffenmt Kqiuds at the same temperature, and of the same liquid at different 
temperatores, has not, I believe, been httbe^ made the subfeec of accurate researches, 
I was, therefore, induced to make the following experiments with this view. 

Into a hemispherical cup of platinum, resting on the ring of a chemical stand, 1 
introduced 200() water-grain rnensiires of the liquid whose viscidity was to be aacasuri'd, 
and ran it off through a gl.ass siphon, | of an inch in the bore, having the outer leg 3^ 
inches, and the inner Ug 3 inches long. The time of effinx became the measure of 
the viscidity ; and of two liqnid.s, if the specific gravity and consequent pn-ssure 
upon the siphon were the same, that time would indicate exactly the relativ*- vis- 
cidity of the two liquid^. Thus, oil of turpentine and spenn oil have each very nearly 
the same density; the former bdng, as sold in the shops. — n-87fi, and the latter from 
0'876 to 0*^80, when pure and genuine. *Sow I found that 2000 grain-measures of 
oil of turpentine ran off through the small siphon in 95 seconds, while that quantity 
of sperm oil took 2700 seconds, being in the ratio of 1 to 28J ; so that the fluency of 
oil of turpentine is 28^ times greater than that of sperm oil. Pyroxiiic spirit, com- 
monly called naphthai) and alcohol, each pf specific gravity 0‘82.5, were found to run 
off respectively in 80 and 120 seconds ; showing tliat the former was 50 |»er cent 
more fluent than the latter. Sperm oil, when heated to 2G5^ Fahr.. nine off in 300 
seconds, or one-ninth of the time it took when at the temperature of 64®. Southern 
whale oil, having a greater density than the sperm oil, would flow off faster were it 
not more visidd. 

20tK) grain inoasures of water at run off throi^h the said siphon in 73 seconds, 
but when heated to Ho" they run off in 61. • 

Concentrated sulphuric acid, though jmsses^ingthe great density of I yet flows 
off very slowly at 64% on account of its viscidity ; '^whence its name of oil of vitridT 
2000 grain-measures of it to<.k 660 seconds to discharge. 

L.\MPIC ACTD. S/fn. Aldehv die acid ; -Aeetylnus acid. ( Aci(lr Lantpigvf, Yt.} 
If a little ether be placed at the boUom of a glas«, and some spongy platinum attached 
to a w ire of the same metal be ignite<l and suspended about an inch from the fluid, 
it wdl glow and continue to do so for a long time. On the other hand, if a spiral of 
platinum wire be placed over the wick of a spirit lamp, and the latter be first ignited 
and then blown out, the wire will continue at a red heat until all the spirit is ex^anstod* 
Numerous sesquioxides, when placed warm on wire gauze over capsules coutaiuing 
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alcohol, will glow in the same manner. tTndcr all these circumstances, a p »werful 
tKiour resembling al(.lehy<le js evolved, nhich strongly affects the e)es. If this expe- 
riment be inaile m such a manner that the ^latile product may he condensed, it will 
he found to Vh* strongly acid. It is powerfully reducing in its tendency, and if heated 
with the oxides of sihi-r or gold, converts them into the metallic state, and the 
liquid is found to contain aoetic acid and resin of aldehyde. If, however, the acid 
liquid he only \ery gently warmed with oxide of silver, a portion of the latter is dis- 
sohed : but ^hen baryta is added to precipitate the silver as oxide, and the fluid is 
wamu-d. the metal inst^d of the oxide comes down, and the fluid when tested for the 
natui\‘ of the acid, is found to contain n<rthing but .acetate «( baryta. These phe- 
nomena are explained by some chemists hy supposing the fluid to contain an acid 
which they, following the late Professor l>aniell, call the Inmpic, and supposed to con- 
tain C*H*0*. When lampic ac:d 1 *^ treated first with oxide of silver and then with 
baryta water and healed, they c**n'*uler that the oxy gen of the oxide of silver is trans- 
ferred to the lampic acul. c»>n\erting it into acetic acid, which combines with the 
baryta, while tlie metallic si!\cr is precipitated. The following equation explains 
the reaction supposc<l tti lake place: — 

C'lPiP + UaO + AgO = C*HH>*jpaO + Ag + HO. 


I^mpic acid. Acetate of bary ta. 

The conversiou of the lampic into acetic acid is therefore attributed to the oxidising 
irndcncy of the oxide of silver. Those who regard the decomposition from the above 
point of view, consider lampic acid to be acetylons acid, that is to say, to bear the 
same relation to acetylic acid (acetic acid) that sulphurous acid docs to sulphuric 
acid. 

The above explanation, although simple, does not really render a satisfactory 
account of the reactions which bear upon the subject. Aldehyde, when treated with 
oxide of silver does, it is true, hrcome converted into the same, or apparently the 
same, substance as lampic noKl, but ihe pr»>babilities are in favour of (lerluirdt's supjMi- 
sition, that the lainpntes are in fact aldehyde, in which an cipmalent of hydrogen is re- 
placed hy a metal. That the aldehydes are capable of uniting with metals witli elimina- 
tion of hydrogen has been, on more than one occasion, prtn ed by experiment. There 
is great difficulty in preparing the sodium aldehyde of the vinic senes, but the auttior 
of this article has found that If cuodic aldelnde from oil of rue be treated with sodium, 

a definite compound is formed, having the formula > . 

If, tluTcforo, we admit aldehyde to be formed on the hydrogen type, that is to say, 
two atoms of hydrogen in which one is replaced by the oxidised radical acetyl, we 
C«H*0* 7 

shall have for aldehyde: Hi* lampates, acetylurets, or aldehy- 

dates: — M i ^ Gerhardt, who views the lampates in the above light, regards 

aldehyde as the true acetylous acid. See Acettl. — C. G. W. 

LANCE WOOD, Vvarialanceolataor Guatteria virgaia. This wood is imported 
from Jamaica and Cuba in long poles from 3 to 6 inches diameter. Lance wood is 
paler iu colour than box ; it is selected for elastic works, as gig-shafts, archery bows, 
springs, &c. These are bent into the required form by boiling or steaming. Sur- 
veyor’s rods, ordinary rules and billiard cues are made of lance wood. 

LANDER. In mining, the man who attends at the mouth of the shaft to receive 
the ‘*hibble of ore” as it reaches the surfo^. * 

LAPIDARY, Art of. The art of the lapidary, or that of cutting, polishing, and 
engraving gems, was known to the ancients, many of whom have left admirable spe- 
cimens of their skill. The Greeks were passionate lovers of rings and engraved 
stones ; and the most parsimonious among the higher cla.sses of the Cyrenians are said 
to have worn rings of the value of ten niinee (aj^ut 30/. of our money). By f&r the 
greater part of the antique gema^hat have reached modern times, may be considered 
as so many^nodels for forming the taste of the student of the fine arts, and for in- 
hiring his mind with correct ideas of what is truly beautiful. With the cutting of 
the diamond, however, the ancients were unacquainted, and hence they wore it in its 
natural state. Even in the middle ages, this art was still unknown ; for the four large 
diamonds which enrich the clasn of the imperial mantle of Charlemagne, as now pre- 
served in Paris, are uncut, ocdmedral crystals. But the art of working diamonds 
was probably known in Hindostanand China in very remote periods. After Louis de 
Berghen’s discovery, in 1476, of polishing two diamonds by their mutual attrition, all 
the finfipt diamonds were sent to Holland to be cut and polished by the Dutch artists, 
who long retained a superiority, now no longer admitted by the lapidaries of London 
and Paris, See Diamond. 
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The opermtloii of gem cottinjt U Abritl^Ti'tl hr ten m«<ho«U ; I. ^r , 

by coUing off elkr* with a fine nin\ e*>ale<l with diamotid r. an-J m 

tW Stock of a band'tav. l>umnn>! U'"the nniy {•r<.vions «h.i-h i« cat jukI 

polished with diainooU powder, toak’^l with oL«c <>:i u^'^n a cull { of Trrr soft 
steel. 

Orientid rubies, sapphires, and tnpaaes, are cut with diArr^m l r t^ked with 

olire Oil, OQ a copper wheel. The facets that are ai^cfwardt {»4ishnl uo 

another copper wh^h with iripoli, lerapcrt'd with water. 

Emeralds, hyacinths, amethysts, garnets, agates, anti other »of^^ r srr rut at a 

lead wheel, with emery and water; aiMl are p*di«hr<l on a tm «he«I wuh tnpHi aod 
water, or, still better, on a sine wheel, with putty nf tm and water. 

The more tender precious stones, sod ereo the pastes, arr cut <m a n]:n'whe<rl of 
bard wood, with emery and water; and are polished with tnpoli and water on another 
wheel bard wood. 

Since the lapidary employs always the same tools, whateeer he the stone wluch he 
cats or poli.slus, and since the whwl discs alone vary, as also the «nl»stjiirr he u«rs 
with them, we shall describe, first of all. his apjiaratnt, and then the man pulaUons for 
diamond cutting, which are applicable to e^»•ry s|hch • of stone. 

The lafidary's mill, or whevl. is shown m ;*»'rsjM*cti\c in ft;, lor.y. Ji con^i^ts of 
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1071 


IQgy a Strong frame mad* o 

"" tenon and ne rtised j 

with strong l»olts and sen - ..v..,. 

a para!l«dopljv»'tj nf from ^ lo f»*ri h*ng. by 
from 0 to 7 high ; and about S f«*>'“t 
These dimensions are large rnongh to con* 
tain two cutting wheels alongside t-f each 
other, as represented in the figure. 

I Ib'sides the two sole bars n n, we j^rcene 
in the breadth, 5 cross bars, c, o, t-, r. Ct, 
The two cxiremo bars r and o. are a part of 
the frame work, and serve to bind it The 
two cross*l>ars i» and r. r.irry ei< h in the 
middle of their length, a pU'<‘ of wimxI as 
^ ^ tbiA M thMnseWes, but only li inches long 

•oUffly }ij nortlMf udttoooi vith Uat crow bar a> w. il b« 
with th« ^ pUced oppoiite on tlu othor pmOM Dko. Thm two pt^n «re call, a 
awMwr* (liDtela); the one placed at D ia the upper i tbo out at V tha Iowct. 

In /ig. 1068 this fece is shown inside, in order to explain how the Mill whed is placed 
Md supported. The same letters point out the same objects, both in the pTceediua and 
the following figures. " 

In each of these tummers a square hole is cut oat, rx.irtlj opposite to the other in 
— which are adjmted by Irietion a | cce of oak. ri i, 

106S, whose extremitio. are perforat.-.l with a tonical 
hole, which receives the two ends of the ail-or B of the 
wheel I, and forms it,s socket. Tins sqii.ire b,>r is adiusted 
at a convenient height by a double woolen wedge, bb. 
The cross bar in the midiile e, supports the table cc, a 
strong plank of oak. It is pierced with two large holes, 
whose centres coincide with the centres of the conical holes 
hollowed out at-the end of the square pins. These holes 
of about 6 inches diameter each, are intended to let the 
arbor pass freely through, bearing its respective wheel. 
(See one of thew holes at t, in fy. I072 below.) 

Each wheel is compiosed of an iron arbor lofis, 
of a grinding wheel i. which ditlers in substance according 
to circumstances, as already stated, and of the pnllev j, fur- 
nished with Several grooves fsee fiu- loTo). which ha-s a 
square fit upon the arbor. The arbor carries a collet d, 
will, h are 4 iron pegs orpins that enter into the wheel to 

, fa.sicn It. 

Thf' wheel plate, of which the ground plan is shown at 
K, IS hollowed out toward? its centre to half its tbickneSsSj 
when it is m its position on the arbor, as indicated in fiq* 

* j ’ a washer or femile of wrought .iron is put over it, and secured in its place by 
a double wedge. In jSg, lu69 the whecl-platc is represented in section, that the 
connection of the whole parts may be seen. ^ 

A board g (see Jig. 1067 and ^g. 1075), abf>ut 7| inches high, m fixed to the 





639 


LAPIDARY. 

Dart of the frame oppoeilc to the side at which the lapitoy works, and it 

{he ,ub.5«c« made ^- of in .he catling m.d pol.ahmg from bemg thrown to a 

distance hv the centrifugal force of the whci-plate. 

Behind "this apparatus is mounted for each grindmg-plate, . 1069 . 

a large wheel i. (see>7- “ a cuUer s, but placed | | 

horiiontallv. This wheel is grooved round its circumference ) I 

to receiie'an ondU-ss cord or band, which ^nd <mc of ^ .aMpai, 

the grooies of the pulley a, hicdbek.* the wheel-plate. IW. 1 ^ 

on turning the fly-wheel I, the plate revo Wea with a vel^i.y g ^ 

relative to the velocity commonicated to the wheel L, and to ^ 

the difference of diameter of the wheel l and the pulley a. 
l-:ach wheel L, is mounted on an iron arbor» with a crank (see / 

ne lower pivot of that arbor h is conical, and tutus in a 1 1 ) 

lawkct fixed in the floor. The great wheel i. rests on the collet 
I funiished with ns 4 iron jnns. fur securing the connecUon. 

Above the wheel an iron wa-her is laid, and the whole u fixed by a double wedge, 

» hu h enters into th.- mortise /,>(/. 1071. . „ . 

/■„ 1072 exhibits a ground-plan view of all *t'‘2 • 

this a'sseniblagc of parts, to explain the structure m Q 

of the machine. Everything that stan^ above W , 

the upper Mummer-bar has been suppressed m this - ' 

rimresentation. Here we see the Uble c c ; the 
upper tummer m ; the one wheel-plate I, the other 
having iH-en removed to show that the endless cord 
does not cross ; the two large wheels I, L, present 
in each machine, the crank bar N, seen separate 
infiq. 1073, which serves for turning the wheel i. 

* 1073 



This bar is formed of 3 iron plates n,o; p,q; and g, r {fig. 10i3> ^ 

hont round at the point n, to embrace the stud «; the lj „ 

breadth and thickness as the first ; and the third, is adjusted to embrace the 

oint at the point o, where they are both turned into a circular form, to enabrace the 
crank M When all these pieces are connected, they are fixed at 

the buckles or square rings tft, which embrace Uiese P‘“^ “ “ ^.key umn the 
The stwd s, seen m fig. 1073, is fixed to the point r. by “ 
arm p, represented separately, and in perspective, m^;^. 107 . 


p !] - M 



A 




the two npbight pegs or handles a: x ; by the alternate whicirtrrnTniits''it"to 

of his arm, he communicates the same motira to **“ the wheel which it bears, 
the crank of the arbor M, and impresses on ftat arbor, and the wl ec 

• ..d i. . p." 'rMiSSS 

There yffi see the table c c, the grind plate i» whose axis is kep , , 

by the two square plugs a a, fixed into the two siimmirs by the ^ ^ , j,ich 

two sides of the whecl-plate, we perceive an important instrument called a dial, which 
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•erres to bold ihe stooe doring the catting and poU»bing. Tuii instrument Kai re* 
OeiTed lately important anielionitioQ!i, to in. /iy 1076 Tiu* U|>i*Ur> held* 
tbia initranieiit in his hand, he rests it uf^»n the iron ( utn u m. m Ox- taMr. te»t 

be should be affected by the vel«>city of the r« % living wheel-plate. He jI st>me- 
times with weights e e. to make it take better huM of (he grinding pbte 

107B, shows an improvement ma<le hy on.* of the mmt eijvri lapidari** .»f 
Geneva, whereby he cats and p»di'hcs the facet with t \»ren e n^guuruy. convrnu.g 
it into a true dial. Flach of the iw*> jiws Invars a larg*’ c«»i-choi.hil 
cavity, into which is fiitt*«l a bra.ss hall, which c.trr.i « on lU up}*, r 
part a tube e. to wh«W4* eatrenuty is fixed a dul pl.iU- f /. engraved 
with several concentric circles, divided into (.lual I'arts. t>ke the 
toothed'wheel catting engine-plate, according to th'* ntinibt*r of 
facets to be placed in each cutting range. The tuU- n-eeirrs wuh 
moderate friction the handle of the cement r<wi. which fix.**! at the 
proper }Kiinl by a thumb-screw^ not shown in (he figure, N ingcou- 
coalnl by the vertical hinh </. about to be dtmrriiH.i. 

A nmlle or index y, }dar»*d with a Mpiare fit on the Uil of the 
cement rod, marks hy its }>oiQt the div.s;on» on the «ljal }»laie f f. on the side m a, 
of the jaw a. there ia fixed by tv^j screws, a limb »/, forming a tjua Irani who**- centre 
is suppose to be at the centre of the IhiU This quadrant is dit id^**! as tuiual into .«<> 
degrees, whose highest point is marked 0. and the lowest would mark abvul 7<» ; for 
the remainder of the arc down to IK) is concealed hy the jaw. The two graduati;^ 
plates are used as follows : — 

\^hen the cement rod conceals zero or 0 of the limb, it is thin vertical, and serves 
to cot the table of the brilliant ; or the point opposite to it, and jarallel to the table 
On making it slope a liltle, 5 degrees for example, all the facets will now lie in thi* 
same aone provided that the inclination be not allowed to vary. On turning n>iind 
the cement the index g marks the divisions so that by operating on the circle 
with 16 divisions, stopping for some time at each, 16 fhcets will have been fomnd. of 
perfect equality, and at equal distances, as soon as the revolotion is completed. 

In catting t^ stones, they are mounted on the cement.rod n,/y. 1077. whose stem 
it set Qpright in a socket placed in a middle of a s<ilc piece at a. which r«*crivc«, the 
1077 stem of the cement-rod. The head of the uA filU the 

cop of A, A melted alloy of tin and K-ad is }>(>iir*‘fl into 
the bead of the cement-r^, into the middle of which the 
stone is immediately plunged } and wherever the soUU r 
has become solid, a portion of it is pared off from the 
top of the diamond, to give the pyramidal form shown in 
the figure at b. 

There is an instrument employed by the steel polishers 
for pieces of clock work, and hy the maniif.ietnn rs of 
watch-gla'scs for poli.vhmg their tdpes It cnn’^i^t- of a 
solid oaken table lOTH, The top is perforated with 
two holes, one for passing through the pulley and the arbor of the wheel plate b 
made ^ther of lead or of hard woo<l, according to circumstances ; and the oth«T r for 
receiving the upper part of the arbor of the large pulley o. The upper pulit y of the 
wheel plate is supported by an iron prop e, fixed to the table by two wooden screws. 
The inferior pivots of the two pieces are supported by screw sockets, working in an 
iron sci^w nnt sunk into the summer bar r. The legs of the table are made longer 
or shorter, according, as the workman <;iiooses to stand or sit at his emplovment. 
Emery with oil is used for grinding down, and tin putty or colcothar for pofisbing. 
1 he workman lays the piece on the flat of the wheel plate with one hand, and pressvs 
It down with a lump of cork, while he turns round the handle with the other hand. 
See the different gems under their respective heads. 

I^APIS EAZCLI. A silicate of soda, lime, and alumina, with the sulphide of 
iron and sodium in minute quantities. This beautiful mineral is found in crystalline 
limestone of a greyish colour, on the banks of the Indus, and in granite in Persia, 
China, and Siberia. = r 



The finest varieties are highly esteemed, being* employed in the manufacture'^ 
costly vases* It was also the source from which the beautiful pigment ultramarine, 
was obtained, but this colour is now prepared artificially at a very cheap rate. See 
UlTRAMABINB. ' 

EAPb. Aletal polishing wheels. Metal wheels or laps made of nearly every metal 
and alloy in common use, have been piore or less employed in the mechanical arts as 
vehicles for the application of several of the polishing powders. IJut of all lap«» not* 
withstanding their variety, those of lead, slightly alloyed, and supplied with pow- 
dered emery, render the most conspicuous service, Generally the plane, or fiat surface 
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of the lap, is employed ; at other times the cjlindrical e<lge, as by cutlers ; but the 
portion actually used in either 0 : 1*40 called the /Ijce of the lap. There are several kinds 
of laps. The lap is in some cases a thin dis<«of metal, fixed by means of a screwed 
nut a^rainst a shoulder on the spindle, but it js better with lead laps to employ an iron 
pLte cast full of h<»les, to support the softer metal. The casting mould may in this 
cast* bo either an iron disc, with a central screw to fix the iron centre plate at the 
time of potirinfz. ‘T the mould may be made of sand and iu halves, after the usual 
manner <(f the foundry. In either case the iron plate should be made as hot as the 
fitud mei:il, wluch,by entering the holes, becomes firmly united to the iron, especially 
if the holes are largest on the reverse side, or that away from the lead. — Iloltzapffd. 

1 , 0 }) is also a roll or sliser of cotton for feeding the cards of a spinning machine. 

L.MID. The fat of the pig. Our imports from the Tnited States have been 
in 1857 : — 

Computed real value. 

In Hritivh vessels - - .'ll!, 207 

In Foreign vessels • - 129,188 


168,29.5 ^ £561,684 

• 

I..\RD OITi, Lard being subjecte<l to pressure, an oil. okine, is expressed, stearine 
being left. This lard oil is much used for lubricating machinery, and it w as employed 
for^the adulteration of olive oil. 

L VSKS. All Indian cut stones are called lash. They are in general ill shaped or 
irregular in their form, their depth ill proportioned. The table, or face, seldom in 
the centre of the stone, sometimes too broad or too small, and none properly polished. 
The chief thing regarded is saving the size and weight of the stone. These stones 
are always now wrought when brought to Kuroj>o. 

LATH WOOD. The outside cuttings of fir trees, used for being split into laths. 

LATTKN is a somewhat antiquated term, which wa.s applied to several kinds of 
sheet metal. “ Mines <if laitcn, whatever may have been meant by the word are mcn- 
tinned in the time of Henry VI., who made his chaplain, John Hottenght, comp- 
troller of ail his mines of gold, silver, copper, lattcn, lead, within the counties of 
Devon and Cornwall.” Is tin meant by the term? — lF<i/«(»>r« ('hemtcol Essays. 

In the reigns of Henry Vfll. and KdwardV!., several acts of parliament were 
pa<4scd, prohibiting the exportation of brass, copper, UttUn. bell metal, gun metal, 
schrof metal, &c. Windows framed with Uwd ate called lattice windows in the West 
of England. 

The term is now applied to sheet or plate brass. Slack latten is rolled sheets; 
shaven Utitrn is iu thinner sheets^ and roll latten is polished on both sides. 

L.\UNDER. A miner’s term for a wooden tube or gutter to convey water. Along 
shallow trough carrying off the ore from the stamps. 

LAVA. The eject^ matter of volcanoes. ** The stone which flows in a melted 
state from a rolcano,” (ZyeW.) M. Abich obtained from the lava of 1669, 48 83 
silica. He made the lava to consist of 54*80 labradorite, 34*16 augite, 7*98 oliviue, 
and 3*08 ma^etic iron. 

Bischoff gives the following two analyses of lava; — 




Hecla. 

Etna. 

Silica . - - 

- 

- 54-76 - 

- 49-63 

Alumina 

- 

- 13*61 - 

- 22*47 

Peroxide of iron 

- 

- ^ - 15*60 - 

- 10-80 

liime 

- 

6-14 - 

• 9*05 

Magnesia 

- 

- 1-35 - 

- 2*68 

Potash . - - 

- 

- 3-41 - 

3*07 

Soda - - . 

- 

1*21 - 

- 0*98 


LAVA WARE. A peculiar stoSeware, manufactured and coloured to assume the 
semi-vitreous appearance of lava. 

ir?^VER. Porphyra laciniata ondmUlvalatissima. (See Alg.si.) 

LAVENDER, oil of. See Perfumery. 

From the nowers of the Lavandula spicata the oil of spike is obtained, which is used 
by painters on porcelain, and by artists in the preparation of some varnishes. 

LAWN. A fine linen fabric. 

LAZIJLITE (Eng. and Fr.; LazuUth, Germ.), from an Arabic word, arw/, meaning 
heaven. It is a blue vitreous mineral, found massive and crystalline, traversing clay 
slate, and f^metimes united with spathic iron; spec. grav. 2*76 to 2*94; scratches 
glass ; affords a little water by calcination ; fusible into a white glass ; dissolves in 

VoL. II. T T 
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acid* wUh l<i» of coloor ; the nolution leave* an alkaline re*idutim. after l.eii!(f treated 
vrith carbonate of ammonia, tillered, evaporate<X and calcined- U; analj ii i* foond 
. » ' 


to coD&tst of : — 

\. 

Phosphoric acid - - - - 41 *'** - - 4t*r T'J 

Alumina - - - - .ni:?- - ,*710 

l*Totox»dc of iron - - - - ‘m» - . 7 1'* 

Magnesta - - - • - u-.i- - ll’*7 

Wait-r- 7. - - 7 12 


LEAD. (P/omA. Fr ; JiUi^ (Wrxtx ) Thi< metal api'fara to Imvc het'n known at 
a very early period. It ia mentioned by Most*, a» a m» tal in r«nitns«»n ujk*. Job 
describes mmiiif]' for lead, and the raeCallurgic procews of refining un i fMrjaratmg 
silver from lead are very clearly desenbed by N>th Job and Jt-nnoah I.4a<l ha« a 
bluish-grey colour, and, when recently cot, it eabtbiu con»«h rablf lu'tr.\ whu h, 
however, it s|>t*ed.Iy lo'^ea It Is one of the Sf>fUwt of the ortlinary ineMW. i% easily 
cut with a knitV, may In* scratched with the nail, and mark* paper with a cr*y stain. 
Lead i> malleahU*. and may be h*‘:itrn ini4> thin loaves, hut th**«e ore of vi r> jtnfh.-rffct 
tenacity ; hence, it cannot bivdrawu mto thin w.re, a wire of of an inrh m dia- 
meter Cill nut support 20 lb*. 

If lead be prepared in a very finely divided state, it is puropivt i.-. Tb s is usually 
prepored from the tartrate of lead, by heating it in a gl.ass luN* as lung as any fum<i( 
are evolved, conaequently it is finely divided leail coinbine<l with some r.irNm. • A« 
soon as the fumes cease the tube must hccl*»*ed at the hl(>wpip»*-lamp. If at any time 
the tube is broken, and the juiwdcr seatiend In the air. it burns with a re«l tla»h. 

If lead U healed in closid vessels, it fuses at F. t’ent.X and at a Pi'd 

heat, it gives off vapours. If fused lead la allowi^d to cool slowly, it crystallises in a 
tomewhat peculiar manner, the crystals are refcrrible to the octahf'flral system, but 
they group themselves in a very complicated and iotrrviiting way. lly the • icetr^b- 
chemical action of sine <m a solution of the acetate of lead, crystals of that mct.nl are 
obtained in an arborescent form. This experiment is usually spoken of as the fcrnia- 
tion of 5aliirii*f <r«, Saturn being the alclumiic name for this metal. 

When fused in the air, lead oxidises rapidly, and it InM Am* * covm .l with an 
iridescent pellicle, often of great beauty. It then passes into .a yellow jmwder 
(Litharge), protoxide of lead. 

Pure l^ it not affected by perfectly pure water free from air, bnt if air be present 
the metal is oxidised at its expense, and the oxide thos formed, combining with 
carbonic acid, is deposited on the lead in minute crystals as a basic carbonate of lead. 
The water will then be found to contain lead in solution, and such waters drawn 
from impure cisterns often pro'luce very distressing consequences. If the waur 
contains any sulphates, the lead is thrown down as a sulphate of leari, which is 
insoluble. 

The native formations are the following. The localities, ^ke , are inainlv dt'rn cl from 
Greg and Lettsom's Manualof the Mmeralotjtj of (irrot liul nu ntut fn/innf, 

1. j^ative lead. Mr. Greg appears to doubt the existence of native lead in this 
country. He says, however, Native lead has been recently discovered in undoubtedly 
genuine specimens in the province of Guanaxuato in Mexico.” Some equallv genuine 
specimens of native lead have been found in the Crassington mines ; these are in the 
possession of the Duke of Devonshire and of Stephen Eddv. Esq. 

2. ilfmittm. iVa^ire oxide of lend. This ore is found in Anglcsea. at Alston 
Moor, the Snailbeach Mine in ShropsHre, at Grassington, the Lcadhills in Scotland, 
and Wicklow in Ireland. Its composition is — lead, 90*66, oxygen, 9 34 

.3. Cerussite. Carbonate of lead. This ore occurs in crystals, in fibrous, compact, 
and earthy masses. It ia found at several of the lead mines of Cornwall and iX'von- 
shirc, and indc»^d in nearly alt the mines producing the ores of lead, varying much in 
its charaetJT with the different conditions under which it has hi cn formed. 

This ore, in it* pure«it state, is colourless and transparent like glass, with an adaman- 
tine lustre. It may he recognised hy the following characters : 

Its specific gravity is from 6 to 67 ; it dissolves with more or le^ ease, ant ^wi th 
effervescence, in nitric aci<i; becomes immediately black by the action of sulphuretted 
hydrogen, and melts on charcoal before the blowpipe into a button of lead. Accord- 
ing to Klaproth, the carbonate of Leadhills contains 82 parts of oxide of lead, and 16 
of e.arhonic acid, in 98 parts. This mineral is tender, scarcely scratches calc-spar, 
and breaks easily with a waved conrhoidal fracture. It possesses the double refraetiug 
property in a very high degree;' the double image being very visible on looking 
through the flat faces of the prismatic crj'stals. Its crystalline forms are^xery nume- 
rous, and are refcrrible to the rhombohedron, 

4. Angtesite. Sulphate of lead, or Vtfreous lead. —This mineral closely resembles car- 




LEAD. 


643 


bonate of lead ; so that the external characters are inadequate to di«tiiipiiish the two. 
Hut the following are sufllcu nt. When pure.it has the same tranepan tu‘\ and lustre. 
It d(M*s not en'erM'see with nitric acid; il w hut fi-ebly blackened b\ sulphuretted 
h\dn)pen : it first tiecrepiiatt s and then melts before the blowpipe into a transparent 
pla.>s. wliich Incomes milky as it cools. Hy the combined action of heat and tliar- 
coal, it passe.H firvi into a red pulverulent oxide.and then into niitalhc lead. It con>iMs, 
aceordnifT to Klaj*roth, of 71 oxide of lead, 25 sulphuric acid, 2 water, and I iron. 
Till- s|HeiUK-n was from Anglesea ; the Wanlockhtad mineral is free from iron. The 
prevailing form of crystallisation is the rectangular octahedron, who-io angles and 
e<li:es are variously modified. This mineral was first recognisid in .\nglesea, hence 
Its name. It was found in the ('hannel Islands at Sark mine, and is occasionally met 
with in the I^eadhills and Wanlookhead in Scotland, at tJlcmaUire in Wicklow, and 
at Hallycoms mine, Co. Dublin. 

I^'ulhilhfe. Su}j>fiat(p-tru inhoiuiir •>{ — This ore is of a yellowish white colour, 

inclining to grey, sometinu-^ y* Ilow ish-grcen, vellow and brown. Its chemical com- 
|>ositi(>u IS — 

Sulphate of had 28*7 

Carlxmate of lead - - • - - - 71*0 

* 

99*7 

5. PyromorphUe, PhonphaU of lead. — This, like all the combinations of lead with 
antacid, exhibits no metallic lustre, but a xariety of colours. Before the blowpipe, 
tipon charcoal, it melts into a globule extemally^ crystalline, which hy a continuance 
of the heat, with the addition of iron and boracic acid, affords metallic lead. Its con- 
stituents arc 80 oxide of lead, 18 phosphoric acid, and T6 hydrochloric acid, according 
to Klaproths analysis of the mineral from Wanlockbead. The constant presence 
of chlorine in the various specimens examined is a very remarkable cirtnmstance. 
Tlie crjstnllnu* forms are derived from an obtuse rhomboid. Phosphate of lead is a 
little harder than white lead ; it is ea«iilv scratched, and its powder is alwavs grtj. 
Its «|v<‘Citir gruv iiy is r»' 9 . It has a vitteous lustre, somewhat adamantine. Its lamellar 
textiue IS not v ery di-tinct ; its fracture is wavy, and it is easily frangible. The phos- 
phoric and arsenic acids being, according t<» M. Mitscberlich. ivoim'rphonsbodn s may 
n*placc each other in chemical combinations in everv proportion, so that tlie phosphate 
of lead may include any proportion, fmm the smallest fraction, of arsaiic acid, to the 
smallest fraction of phosphoric acid, thus graduating indt finitely into arseniate of lead. 
The jellowifh variety in lieates, f'T the most part, the presence of afsenic acid. It is 
found in Cornwall, Devonshire, Yoik'>hire, and Derbyshire. 

6. Mhnetite. ArsenmU of lead The name is derived from imitator^ the 

species so nearly resembling pyromorphite. The colour of this ore varies from straw 
yellow and wax yellow to brown, reddish-brown, orange, yellow, and red. Before 
the blowpipe, on charcoal, it emits arsenical fumes and yields a bead of lead. The 
analysis by Dufrenoy giv^ the following as its composition: — 

Arseniate of lead 84*55 

Phosphate of lead ------- 4 50 

Chloride of lead ------- 9 05 

At Drygill, in Cumberland, this ore has been met with in sufficient abundance to be 
worked to some extent as an ore of lead. The raimetite from this mine was used in 
the manufacture of flint glass, to which it gave great brilliancy, Tlio form of the 
arsemate of lead, when it is crystallised, is afirism with six faces? of nearly the same 
dimensions as that of phosjthate of lead. 4Vhen pure, it is reducible upon charcoal, 
before the blowpipe, into metallic load, with the copious exhalation of arsenical fumes ; 
but only in part, and leaving a crystalline globule, when it contains any phosphate of 
lead. The arseuiate of lead is tender, friable, sometimes even pulverulent, and of 
specific gravity 5*04. 'That of Joliann-Georgenstadt consists, according to Rose, of 
oxide of lead, 77*5; arsenic acid, ; phosphoric acid, 7*5; and chlorine, 1*5. 

7. Galena. ^^Svlphide of kad . — This is the most abundant ore of lead ; it may be 
I q^^e d regards as the only commercial ore of any value, if we except the carbonates, 
which are probably formed by the decomposition of galena. Its prevailing forms are 
the cube anfft a combination of the cube and octahedron ; lustre metallic, opaque, 
colour and streak lead grey. Fracture conchoidal, but difficult to obtain, owing to the 
readiness with which it cleaves, 'fhe localiti^ of galena n?ed not be named here, 
as the lead producing districts, of which a list will be presently given, will include 
them, and galena is included in them all. Thomson’s analysis of galena gives — 


«kLead - 85*13 

Iron • - 0*50 

Sulphur - 13*02 

' r T 2 
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8. Jaw^tamite is t combtiistion of lead and antimony. It occar* in aricular crrttaU, 
or in parallel or dtrerging group*, and more frequently in fibrous It it found 

in many places in Cornwall an l Devon/ Hoju-'s analyse* give* ihr foii-.w.ng as its 


composition: — 

I.ead * - ' ' • - - • .1-Ti 

Iron 

Copper 

Zinc <*74 

Antimony - . 14 ‘hi 

Sttlphur - - ' - 2 % M 


I. 

This mineral may be regarded os a doable aolphidc of lead and autuiH.ny, at ah gnat 
to the double .sulphide of cop|>«»r and iron. 

y C'lointoniite. (Sklorulf ofUivi. or rhlnrO'CarlHimntf ’I'hi* ‘*ro ha< a 

pah* seliow colour, w re<lacihh* to tm-taliic lead by the agriiey of a’.d not 

altered by the hydrosulphides. ^ Uefore the blowpijM* ji melts first a [al* 
transpap'^nt globule* with salt of phosphorus and ottde of ropie r, artd ntaM'evu the 
prince of chlorine. It U fragile, tender, softer than ('.nrloiut*- oft* ad, and iv mhuc* 
times almost coltrarlets, witli an adamantine lustre. Spec. grav. lt» • itn«tttu< nt«, 

according to Heraelius, are. lead, 2 o N4 ; oxide of lead, i7 o7 ; carbonate of h.ail, »> , 

chlorine, 8 84 ; silica, 1*46 ; water. 0'.')4. in loO parts. 

10. Plattnerite. Sypfroxule o/ UaA. 

11. LinarkU. Ckprtfous tulphale oj' UatL 

12. Susannite* Sulphato-lncarboMte of lead. 

13. Lanarkite. Sulphuto-carbonnte of Uad. 

14. Calcedonite. Cupreoua eulphuto-carbonati o/ lead. 

15. VanadiniU. Vaaatfiafe q//ca</. 

16. WuU'enite. Tungstate of lead. 

17. StoaUt. Molgbdate of lead. 

18* G^ocronite. Stilphide of lead and anttmong 

19. MendipiU, 9Xk Oxpchloride of lead. 

20. Mathckke, ditto, .» 

^ 21. Hed lead, or Chroinaf€<^/ead.«— This mineral U too rare to require consideration 
in the present work. 

22, Plomb Fa«^/ini7e. Chromate of lead and copper. 

The ores of lead, which may be represented by galena, or the sulphide of lead, 
that being the truly commercial variety, are found in rocks of different ages from the 
granite and clay slates to the triasic formation-^. In the Devonian slate rocks, m 
the neighbourhood of Lisktard in (.'ornw.all are many nu)*! ]'nHluctu«‘ K .id n mes. 
To the north of Truro is tlie lead mine Iluel Hose, which has from ir^ |.>t i; celebrity 
given its name to the district ; and again to the south of Ilcl-tone tli.Tc liave been 
some valuable workings for lead. These formations of lead ore ha-^e ail iK-en in the 
claj slate, “killas ’ rocks of Cornwall. In Devonshire many mo^t valmibh* lead 
mines have been worked in similar rocks. In these the celebrated mines of Ib er 
Alston on the Tamar exist. With a very few exceptions but little Uad ha* b- cn 
discovered in the black slates.— the carboniferous senes (»f De vonshire S>nie lead 
ore has, however, been discovered in the new red 8and.stone and in the slate ro< ks im- 
mediately adjmning' them near Newton.8t, Cyres, To the north of the c.srlH.niferous 
rocks of Devonshire we have a renewal of clay slate rodks, similar in all respects to 
those which are found near Liskeard in Cornwall; in these rocks ar. the once 
famous argentiferous lead mines of Combe Martin, from which Edward the Rlack 
Prince fienved an immense revenue. 

The lead mines of the Jlendip Hills which were at one time verv prodnrtive. but 
which are now produciiif; but small quantities of .Jead ore, are in the mountain lime- 
stone formations. Those of Cardipanshire are found in clav-slates atnd pritstnnes, 
correspondent with or nml. rljing the lowest beds described by Sir R. Murchison^ 
his Silurian System. — Smt/th, 

In Shropshire we have lead ore ocrurrinp in the original silurian rocks, the Llandeilo 
formation. “ In that lofty and nigged district of Shrojishire which lies around the 
village of Shelve and the Corndon moGntains. ami which extends west of the Stiper 
Stones range into Montgomeryshire” (,»/w/r/ii.son), lead IikIcs are abnmiant. In 
Perhy shire, in Yorkshire, in Ciinsherlaml, Norltiumlarland, and Durham, the lead 
mines prove the most productive in the mountain limestone formations, althgsigh there 
arc some instances in which good lead mines have been worked m the sandstones and 
shales. In addition to these, we have the mines in the I,«adhilU and at Wanlock- 
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head* consistiog chiefly of the graywaeke slates, in Scotland. Luga^ure, &c. in the 
• granite districts of \VickU)w, Ntwionards in County Do>»n, Mith a fevr others in 
Irt l.iud, and the U ad niiiu s in the Silurian ||ocks of the Isle of Man. These are the 
jT.ucipal dl^tnct> from whicli our large supplies of lead ore are obtained. 

riu* exteiisiNi U-a l iiiiues of Mr. Beaumont, mhich have for many jears produced 
uhout»t>ne-f</urth f»f the ‘quantity raised in England, about one-sixth of the produce of 
tiieat Bntam, and about one-tenth of that of the vhole of Europe, including the 
llrm-'li I-'Ks are so important, and in many respi‘cts so characteristic, that much of 
tli< dtsiMpiion of them ■which appeared m the former edition is retained, as repre- 
many of the peculiar and nn|>ortant features of lead mniim:. An exU-nsive 
>••011011 of this great lead mining district is in the Mining Uecord Office of the Museum 
Practical Geology. This section was extcut«d by Mr. Sf>j»>>iiih. and together with 
a HTies of models explains nearly all the piienomeiia of mineral veins. 

The datum or base line of the AHeiihead'' st'Ction is TOO leet above the level of the 
a. The draw mg. Ibl fiet in length. i> on a true scale of 100 feet to an inch ; by a 
true scale beiiiL' iiit ant. that tiu* Kngtiis and heights are projected to the scale or pro- 
j'ortion ''O tint a tiue miniature protilv of the country is given, as well as a correct 
Ti-dneiion «)f t tie relain e size of ihc \ariou.s rocks. The extent of country thus shown 
is not ipiiic 4 nubs, being 3 miles 1.220 yards. ^ « 

The spectator is supjiosed to be looking to the north, and the section commences at a 
point ab<mt half a mile eastward from a place calleil Kilhope Head, which is con- 
s^ncuously marked in all English maps, inasmuch as the three counties of Nurthuml>er- 
ianJ, Durham, and Cumberland here meet in one spot. At about three quarters of a 
mile from the point <if comnienceineDt, the section represents the hill called Kilhope 
l.aw ; It IS on the boundary line of the countiesof Northumberland and Durham, and is 
ilie highest jxunt of land in the last-named county, l>eing 2206 feet above the level of 
the sea. But out of the limits of thi« section, and about 10 miles south-west from Kil- 
linpe Daw, the same str.ila whicli ,arc here delineated reach an altitude of 2901 feet above 
tile sea, and this is the lugliest ci« vation attained by the rocks which form the car- 
IxinitVious or nnmnt.aui limestone of tin- north of England- 

Sucli being the stratific atioii of the central portion of the narrow part of the island, 
ot 'which the coal fields of the Tvne and Wear form the extremity on the east bordering 
tlie German Ocean, for sonic distance north and south of Newcastle, while a similar 
coal Held is found at the western extremity near NVhitehaven. it maybe observed with 
n ference to these coal Helds, that they he over or upon the mountain limestone forma- 
tion. The coal beds so extensively worked in the Newcastle and Durham coal mines 
or collieries gradually rise to the west, and one by one crop out or basset according to 
the undulations of the country. At length at about 20 miles west of the Gerniao Sea, 
the lowest of the coal bods crops out, and from beneath it gradually appear the limestone 
strata, which continue to rise nearly coincident with the general rise of the country, 
until they reach the summit of Cross Fell (2901 feet). This general and very gra - 
dual inclination of the strata, a feature of the greatest unportanee in practical mining, 
is clearly and accurately delineated in this section. 

In a thickness of abont 2000 feet of the alternating beds of sandstone, clay, and 
limestone which form the strata of the mining districts of Allendale, Alston, and 
Weardale, there is one single stratum of limestone, called the “ great limestone,” the 
veins in which have produced nearly, if not quite, as much ore as all the other strata 
put together. This stratum, delineated on the section, lies at a depth of about 850 
l\-et below the summit of Kilhope Law. Somewhat exceeding 2 miles eastward of 
this, at Allenheads, the top of the great limpslone is 230 feet fikim the top of a shaft 
called Ciin-Hill Shaft. Its thickness, which is tolerably uniform over several hundred 
square miles of country, is about 60 feet ; and it is in this stratum of limestone that 
the largest quantity of lead has been found. 

The dislocations of strata whicli constitute for the most part important mineral 
Veins, are exhibited more in detail in the series of geological models already re- 
ferred to. 

At about a quarter of a mile ft the west of, or left hand direction from Kilhope 
I..aw, the greht limestone, and all other associated beds are thrown down a depth of 
TTT8ut 1 50 feet for a space of nearly 700 feet ; and again, at the distance of nearly a 
mile fronv^llenheads, a vast dislocation takes place, by which the great limestone 
is brought nearly to the surface, the amount of displacement being about 4u0 feet. 
It is in the great limestone thA by far tke most extensive portion of the work- 
ings of Allenheads lead mines are situated, and the galleries or levels are very 
extensive. In a great thickness of strata above the great limestone, only two beds 
of that rock are found. One of these is called** little limestone.” It is from 10 to 
12 feet tNick, and is 75 feet above the top of the great limestone. The other is still 
more inconsiderable, being only 3 or 4 feet thick, and is 440 feet above the great 
^ T T 3 
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limestooe. It s remarkable wUh what exactness this thin h«4 ii found near the 
summit of hills, the inlen eninsr spares haeing apparently bi*t*n n mo^etl by dt-ntu * 
dation, so as to form in one case a pap of miles, and in anotlu-r «>f miles, in 
which the Tell Top limestone i!» entirely cut olf. 

But beneath the great hmelone, arc several K'<U of the same d*M'r p*'«'n of nK-k, 
viz. at distances ^e^pectlvely of IM), lin», rj»>, *i jO, and '2'*7 feet, and th.* tb.okif v*. ‘.’4, 

ID, 15, and 35 feet. Thest^ are known hy dtsenptive lixal nauus and comprise all 
that are of significance as regards lead iniuing n{>« rat)ons. 

The Allenheads mines being situatM for the most part at d. pih< fp>m the surface 
varying from 2D0 to 600 feet are drained, partly by ordinary waterwheels, and partly 
hy hydraulic engines constructed by Mr., now Sir (.», Arinstri>ng. See Wati.b 
T aKSSURK EstllNES. 

Such is a general view of the lead mining districts of KnpUnd. The followmp 
brief account of foreign lead mines U retainiHl from the last edition. .Nlurh additiotiai 
information will be fmnd in the article Mines. 

The principal lead mines at present worked in other parts of the w.»rll an* the 
following- — 1. Poullaouen and Ihielgoet, near (’arhair in rrar.cr. department 
Finisterre, being veins of galena, which traverse a clay slate resting «*n granite They 
have bt*e 5 known for upwardstof time centuries ; the workings p«nitrate to a 
depth of upwards of 300 yards, and in 1816. furnished ’eN> tons of lca<l i>cr annum, 
oat of which 1034 pounds avoidupois of silver were extracted, ‘i. At Villefort and 
Viallay, department of I.ozcre, are galena mim^ said to pn>lnqe |dd tons of lead 
per annum, 4D0 kilogrammes of silver (88o lbs. avoird.). 3. At IViey and Macot. r» 
the east of Moutiers in Savoy, a galena mine exists in lalc*schist. which has prfuluei^fl 
annually 20D tons of lead, and ab<»ul 600 kilogrammes of silver ( 12'U> Ihs. a>oird.). 

4. The mine of Yedrin near Namur in the Low Countries, is opencil upon a vi .n of 
galena, traversing compact limestone of a transition district; it has fumishctl ‘ioii 
tons of lead, from which 385 pounds avoirdupois of silver were extracted In 
Saxony the galena mines ace so rich to stiver as to make the lead almost oviT!rK>k* d. 
They are enumerated under silver ores. 6. The lead mines of the liars have b. i-n 
likewise considered as silver ones. 7. Those of Ulcyberg in the EifeU are in ilu* 
same predicament. 8. The galena mines of BlcyN rg and Villarh in Canntb a, m 
compMt limestone. 9. In Bohemia to the south-west of I^rague. in. M n. of 
Joachimsthal and Bleistadton the southern slope of the Erzgt hu g.-, pro-lm r argenti- 
ferous galena. 11. There are numerous lead mines iu i^pain, the m!)st impi>riant 
being in the granite hills of Linares, upon the southern slope of the Sierra Morena. 
and in the district of the small town of Catgagar. Sometimes enormous msRHs of 
galena are extracted from the mines of Linares. There are also mines of galena in 
Catalonia, Grenada, Murcia, and Almoira, the ore of the last locality being generally 
poor in silver. 12. The lead mines of Sweden arc very argentiferous, and worked 
chiefly with a view to the silver. 13. The lead mines of Daouria are numerous and 
rich, lying in a transition limestone, which rests on primitive r<'cks . tiie:r lead is 
neglected on account of the silver. 

There have U-en a few lead mines in this country, which ha^e been equally pro- 
ductive of silver. This was especially the case with tlie lead mines which were 
formerly worked around Combe Martin, and those at Beer-Alston in De^onsbi^e. 
One of the most remarkable of recent examples, is a small mine known as Huel 
Florence near Tavistock, from whiclisome lead ore has been sold at upwards of 9 ')/. 
a ton, on account of the large quantity of silver it contained. At the conclusion of 
this article some tabl^ will be given, showing the argentiferous character of the dif- 
ferent lead producing districts of the UniiCd Kingdom. 

Before proceeding to the consideration of the metallurgy of lead, a few brief notices 
of the history of lead mining may not be out of place. 

As we liave already' stated mining for lead must have been one of the earliest of 
man s subterranean labours, and at all periods of history we learn that lead mines 
ha%e been worked. The Romans, especially, worked lead mines in Spain, and, after 
the conquest of this country’, in many of our lead producing districts, especially in 
Cardiganshire, Shropshire, and Flintshire. ^ 

Lead mining appears to liave been carried on &om a very early period in Alstia**" 
Moor, and some other of the northern districts. Rut in the west of England, lead 
mining must be regarded as a somewhat recent industry. * 

“ Borlase mentions, in 1758, that lead mines had anciently and lately been worked 
in Cornwall, and that those roost noted formerly’, were Penrose, Penwertv, Trevascus, 
Beifstian, and Guaniek (Garra.s). He states, that Penrose mines (near Helstone) had 
been wrought for about 200 years, That i.s, from about the middle of the sixteenth 
century, an«l tfiat they bad yielded tolerable profit within thirty years. The only 
lead mine worthy of note at work in his time, was at bt. Issy, near Padstow. Pryce, 
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descpibcs the lead ore of Garras, near Truro, to have been so argontif^ns, that when 
wrought about I7:i0, it produced lOOoz. of silver in the ton of lead. Huel Pool, 
near Helstonc, about 1790, jielded from 4^ to 50 oz. of silver per ton of lead, and 
works were erected for extracting the silver. The lead ore of Wheal Rose contained 
60 oz. of silver per ton. 

In Devonshire, the Combe Martin and Beer Alston mines, have long been cele- 
brated for their argentiferous lead ores. It is stated, that the produce of these mines 
was muisually great in the reigns of Edward I. and Edward II. In 1293, William 
de Wymun<I®ani accounted at the Treasury for 270 lbs. of silver raised in Devon. 
In 12'J4. it amounted to 5214 lOs. weight ; and in 1294, to 704/. 3s. !</. weight. In 
1296, great profit is stated to have been derived from the Devon mines ; and 360 
miners were impressed out of Derbyshire and Wales to work in them. In 1360, a writ 
was issued, authorising certain persons to take up as many miners and workmen as 
should be necessary to work in the king's mines in Devon, allowing them reasonable 
wages according to the custom of the country ; to arrest and imprison such as should 
resist, till they hhould give security to serve the king in the said miiMS, and to buy 
and provide timber at a competent price. 

Henry, bishop of Winchester and cardinal of England, as one of the executors of 
John, duke of Bedford, who had a grant from the k^ng of the gold and silver mines 
of Devon and Cornwall, rendered 26 ibs. and 2 oz. weight of pure silver as the 15th 
part of the pure silver raised in those counties from 15th December, 21st, to 16th 
August, 23rd of the same ktng^s reign. 

* The Combe Martin mines were rc-opened in the reign of Elizabeth. The working 
of these mines was strongly recommended to the Long Parliament in 1659 ; but 
Lysons observes that they do not appear to have been again worked until the close of 
that century, and then without success. In 1813 they were again opened and worked 
for 4 years, producing only 208 tons of ore in that time. In 1837 they were again 
worked, and we had an opportunity of observing that the previous mining operations 
presented e\ery appearance of having formerly been very unskilfully managed. The 
two lodes near Beer- Alston have produced large quantities of argentiferous galena, 
often containing from 8(> to I20oz. of silver per ton of lead. According to Mr. 
Hitchings, the greatest quantity which occurred in that part of them named the South 
Hooe mine was 140 oz. of silver per ton of lead. In 1784 and 1785 the silver pro- 
duce of these mines amounted to 65(M> oz. From IIiicl Betsy, near Tavistock, which 
was re-opened in 1806, from 3u0 to 400 tons of lead, and from 4000 to 5U00 oz. of 
silver were annually obtained. Lead mines were worked at a very early period in the 
Isle of Man, but the recent workings only date from the commencement of the present 
century. The mines of (Cardiganshire were evidently worked by the Romans. In 
the reigns of Henry VII. and of Elizabeth they attracted much attention, and German 
minei^ were invited to work them. 

The Euglisb lead-miners distinguish three different kinds of deposits of lead ore ; 
rake-veinSy pipe-veins, and Jiat^veins, The English word vein corresponds to the 
French term /iUm ; but miners make nse of it indifferently in England and France, to 
indicate all the deposits of this ore, adding an epithet to distinguish the different forms ; 
thus, rake-veina are true veins in the geological acceptation of the word vein ; pipe- 
t'eins are masses usually very narrow, and of oblong shape, most frequently parallel to 
the plane of the rocky strata; and^at-veiiw are small be^ of ores interposed in the 
middle of these strata. 

In the north of England, which, on account of its great preponderance in produce, 
we take as the basis of our description of lead mining, the ore* are for the most part 
found in veins (Jodes in Cornish) and fiats. ^Although different names have been as- 
signed to occasional varieties, the usual occurrence of lead ore is in rake veins, or 
direct running veins, usually named as rems, with some distinctive appellation pre- 
fixed, as, for example, Rampgill Vein, Hudgillbum Vein. Other veins, lying parallel, 
receive a similar prefix, with the addition of the words north, east, or south ; but for 
the last named the word sun is often used; as, for instance, Hudgillbnrn Sun Vein, 
and 2nd and 3rd Sun Vein if fiUhher discoveries are made of other parallel veins. 
Considerabl^quantities of ore are also raised from horizontal extensions of portions 
vein ealled^afs, and these aw interposed between the strata adjacent to the vein. 

Rake ve^s are the most common form in which lead ore occurs in Cumberland. 
They are in general narrower in the sandstone which covers the limestone, than in the 
calcareous beds. A thickness of«lcss than a*foot in the former becomes suddenly 3 or 
4 feet in the latter ; in the rich vein of Hndgillburn, the thickness is 17 feet m the 
Great limestone, wbil# it does not exceed 3 feet in the overlying Watersdl or sandstone. 
This influence exercised on the veins by the naibre of the enclosing rock, is instruc- 
tive; it'Tletermines at the same time almost uniformly their richness in lead ore, an 
observation similar to what has been made in other countries, especially in the veins 
, T T 4 
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of Kooff»b4»rg «n Nonray. The ('umbtTbnd are con»tamI% rj h. r, the more 

powerful they are, in the portions which traverse the calcareous r^vks. than :n the beds 
of aaodatooe, and more particubriv the S4,hi*i*we n-cks It is rare m t .«• caUrd 
piate (a solid slaty clay) for the vein to inciud** an) ore , it is coinn*‘'i.;> fiweti with a 
species of potter's earth. The upp*'r eah'-ir* If- ds are also in jr* i.i rai in. re pr»»Juc- 
tire than the lower ones In most •>f these m.nts. th** veins »«r» t.<.' w.-rke^i till 
lately below the fifth calcareous Ih*< 1 ithe four.(ath<Mn limi'ston»M. whuh i« -»*C sards 
beneath the miihtone-gril ; and as the fir**! ••fra''im is l'»«, >.ird% Wm^ath 

it. It follows that the thickness of the part uf the ground whire th* vtlhs ar« rich to 
lead does not in general exceed UtJ*) )arUs. It ap{K*Ars how* eer that >* ns ha^c Is't'n 
mined in the neighbourhood of AUinn Moor, downwards to th - 1 1* -.th < ah anNms 
stiatuni, or Tyne bottom limestone, which is 4li(ysrds und< r tiu- u uiu -gr.t of the 
coal formation, immediately above the whin-siU ; and that the) hiv.- Inon f .11 .wol 
above the first limestone stratum, as high as the grindstone sil), which i» onl) '*1 1 anls 
below the same stratum of millstone grit; so that in the loul thickncM <.f th* p’.umbi* 
ferous formation there more than 336 yards. It has N*en asserted ti>.i! had it ins 
have been Iraeed even furth**r do^sn.mto the Mrmrthtj scar limcstune , h .1 thty ha'C 
not l>eeD mined. 

The greatest enrichment of a Aem takes place i tmmK.nly in the points wh«re its 
two aides, being d<H far asunder, h^dong to the s.'ime rm-k , and its }rn{'t»«cri«hment 
occurs when one side is calcareous and theothtr Asi'histi»s4' clay. J'hr mtneraU wi);ch 
most firequently accompany the galena, are carbonate of lime, flujte of lime, sulphate 
of baryta, quarts, and pyntc.s. ' 

The pipt vein.’i in French), are seldom of great length ; but some have a 

considerable width; their comp<^sition being somewhat similar to that of the rake veii.s. 
They meet commonly m the neighhourhoiMi of the two systems. S4>me(iim'S N ing m 
evident communication together ; they are occasionally barren ; but when a wide pipe- 
vein is metalliferous, it is said to he very procluctive. 

The^rt/ reins, or strata vnnH, seem to nothing else than expansions of tb*’ matter 
of the vein between the planes of the strata ; and contain the same ores as the vrms 
in their vicinity. When they are metalliferous, they are worked along with the ad- 
jacent rake vein ; and are productive to only a certain distance from that vein, unless 
tlwy enriched by crowing a rak« yeio, &>omc examph s have hei n ;uMur. d of afl- 
TBQta^eoQS workinai xnflat teins in the freat limesUmt of ilumlK rlan l, p.irtu ularly in 
the mines of Coalcfe^b mod Nentbead^ The raA$ eeia*, however, furnish the greater 
part of the lead which CniDbcTlaud and the adiaeest counties send every year into 
the market 

The metalliferous limestone occupies, in Derbyshire, a length of about miles from 
north-west to south-east, under a very variable breadth, which towards the south 
amounts to 25 miles. Castleton to the north, Buxton to the north-west, and Matlock 
to the south-east, lie nearly upon its limits. It is surrounded on almost all sides by 
the millstone grit which covers it, and which is, in its turn, covered b% the coal strata. 
The nature of the rocks beneath the limestone is not known. In ( 'iimb«Tland the 
metalliterous limestone inclucle.s a bed of trap, designated under the name of u'hinsdL 
In Derbyshire the trap is much more abundant, and it is thrice interpo‘ied between the 
limestone. These two rocks constitute of themselves the whole mineral mass, through 
a thickness of about 550 yards, measuring from the millstone grit ; oniv in the upper 
portion, that is near the millstone grit, there is a pretty considerable thickness of 
argillo-calcareous schists. 

F our great bodies or beds of limestone are distinguishable, which alternate with 
three masses of trap, called toadstone. 1'hc lead veins exist in the calcareous strata, 
hut disappear at the limits of the toadstone. It has, however, been ascertained that 
they recur in the limestone underneath. See Veins. 

Metallubct of Leat>. 

AUhougli h'ad forms an essential element in a large number of minerals, the ores of 
this metal are, strictly speaking, far from numerou?^ Of these the most important is 
sulphide of lead, or galena This mineral, which possesses a metallic V-illiancy. and 
has a lighter colour than metallic lead, presents- in its cleavage, all the variatU^ 
from large facettes and lamina* indicating a cubic crystallisation to a most minutely 
granular structure. It is extremely brittle, and its powder presents a bnlnant black- 
ish-erey appearance. « 

1 he specific gravity of galena is 7*5 to 7*8, and its composition, when absolutely 


pure, IS : — ^ 

I^ad - g6-55 

Sulphur - 13*45 ^ 
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Galena is, however, lui( found chemically pure, as, in addition to variable 

qtiantiiH'S of earthy imjninties. it almost always contains a certain amount of silver. 
It is usually observed liiat galena presenting large facettes is less argentiferous than 
th<^ varieties having a closer grain, and that finely granular steely specimens gene- 
rally afford the largest amount of silver. 

It w.ujUI apiu ar. from recent experiments, that the silver contained in the finely- 
granular n aneties of galena often occurs in the form of sulphide of silver, mechanically 
intenmxed, ^'hilst in the more flaky descriptions of this ore, the sulphides of lead 
and '•iher arc chemically combined, 

<laUna occurs in beds and veins, in granite, gneiss, clay -slate, limestone, and sand- 
stone rocks. 

In Spain it is found in the granite hills of I^narcs and elsewhere; at Freiberg in 
Saxony it occupies veins in gnei'^s; in the Harz. Hohemia, Oirnvall. and many other 
kx*alities, it is found in killa**. or clay slate. The rich deposits of Derbyshire, Cum- 
l>erland, and the northern district*; of Kngland, are in the mountain limestone, whilst 
at Ciinimcvn, near hapelle, large quantities of this ore are found dissenuDated 

in the Hunter <i'ind''tone. 

This mineral k frequently associated with blende,, iron and copper pyrites, the car- 
bonate and otlier ores of lead, and usually occurs inli gangue of sulphate ^f baryta, 
calc-spar, spathose iron, or quartz. It is also not unfrequcntly associated with fluor- 
spar. 

,^The next most important ore of lead is the carbonate, which is a brittle mineral, of 
a'white or grtfyish-whitc colour, having a specific gravity varying from 6*46 to 6 50. 
Its composition is, — 

Carl>onic acid 16*05 

Oxide of lead - S3‘56 


D9*61 

Harge quantities of this substance occur in the mines of the Mississippi Valley in 
the United States of America, ^'here they were lormerly thrown away as useless, but 
ba\e since been collected and smelted. Vast deposits of this substance have also been 
found in the Hunter sandstone, near Duren, in l^ussia, and at Freyung. in Ha\ana. 
In the two latter localities it appears to form the cement holding togi'ther the granules 
of quartz, of which the s.andst<uK' principally consists. These ores, which yield from 
U tt) 20 per cent, of metal, do not readily admit of being concentrated by washing. 

The sulphate of Uad does not often occur in sufficient quantities to be employed as 
an ore of that metal. In appearance it i$ not unlike the carbonate, but may readily 
be distinguished from it by its not dissolving with effervescence in nitric acii 

Its specific gravity is from 6*25 to 6'30> and its composition ; — 

Sulphuric acid 25'65 

Oxide of lead ------- - 74*05 

9970 

This ore of lead usually results from the oxidation of galena. At St. Marjin’s, 
near the Vega de Ribaddeo, in Spain, this mineral, more or less mixed with the 
phosphate of lead, is found in sufficient quantities to be made, on a small scale, the 
subject of an especial metallurgic treatment. Large quantities of sulphate of lead ores 
arc also annually imported into this country from the mines jn Australia. These 
ores contain on an average 35 per cent, of t?ad, and 35 ox. of silver to the ton of ore, 
together with a little gold. 

Phosphate of lead, when crystallised, usually presents the appearance of hexagonal 
prisms, of a bright-green, brown, or yellowish colour. Its specific gravity varies from 
6-5 to 7*1. This mineral is composed of a mixture of true phosphate of lead, phos- 
phate of lime, chloride of lead, and fluoride of calcium, and usually contains about 
78 per cent, of oxide of lead. Iif Spain, it occurs in botryoidal forms, in connection 
with the sulfate of the same metal, and is treated in blast furnaces for the lead it 
inrbrds. V 

The otl^^r minerals containing lead seldom occur in sufficient quantities to be of 
much importance to the smelter, and may therefore be disregarded in the present article. 

The extraction and mechanical preparation of ores is the business of the miner, 
and not of the metallurgist who receives them from the former freed as perfectly as 
possible from foreign matters. 

The metallurgic processes, by the aid of whJbh lead is obtained from galena, may 

be divided into two classes. The first of these is founded on the following reactions ; 

If one equivalent of sulphide of lead and two equivalents of the oxide of the same 
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metal are fuied tof^ether, the result is three cijuiTalenu of metallic load ao«* on# 
equiralent ofsul^horous acid, which U eTuhed. 

This reactk>Q ts represented by the follpwtni; c<{uatioo : — 

I*bS > iPM I ^ nPb + St >•*. 

When, on the other hand, one o|uiralent of sulphide of lead, and onr^ e^jnsralent of 
sulphate of lead are similarly treated, two iM|U!valeTits of lead arc oStaito'd, and two 
ef^uiTaleots of sulphurous acul gas evolred. Thus — 

PbS PhO.StP- jPb + JSU'. 

Tbe process, founded on the foregoing reactions, and which wr will d-^tinenuh as 
the meihoti hy SouhAif dcrom/MMiinuii, consists in roosting the galena «n a r*‘verher»lory 
furnace until a certain amount of oxide and sulphate has bct‘n f>>rm«'d. and suW* 
queotly, af^er haring intimately mixed tbe charge, and clusc<i the d«^'r» <>f the furnace, 
causing the wh4>le to enter into a state of fusion. 

During this M'cond stage of the operation, the reaction between the sulphides, sul- 
phates, and oxides takes place, aiwl metallic lead is eliminated. Tlw n>a«img of the 
ore IS, in some catk'S, conducted in the same furnace in which the fusion ii effected, 
whilst in others two separate furjaces are einplovi d. 

The pfocess by doable decomposition is b«‘st ndaptetl for the richer rarict'e^ of ore, 
and snch at are least cootaminated by siliceous or earthy irnpunii«’«, and is con- 
seqnently that which is almost uoiTcrsally employed for smelting the ores of this 
country. < 

By the second method which we will cal! the />r*>resj Ay n^nitv. tfip ore is fused 
with a mixture of metallic iron, which by* combining with the sulphur liKcratPS the 
metallic lead. This reaction will be understood by reference to the following for- 
mula: — 

PbSrFe-Pb+FeS. 

Id practice, howerar, metallic iron is not always employed for this purpose ; 
iron is alM frequently itted, and in some instances the ores of iron smd hammer 
are substituted, as are also tapKiindcr and other s^’condary products CK>ntatiiing a on- 
siderable percentage of this metal. Hone of these substances nrc, howcTcr. found to 
be so efBcacious u metallic iron, since cast-iron requires to ho dioarlmriM «l l- f..ro it 
^n iwad^ decompose tbe sulpbfle of lead, and the ores of iron requm- the intro* 
of ^anoas fiuxes, ai^ the consequent expenditure of an additional amount of 
roel. In all ^se|^ however, jt is jndicioas to subject tbe ore to a preliminary rt«uit ing, 
m order to eliminate a poition of the sulphur, and thereby reduce the expenditure of 
iron, as well as to agglutinate the ore and render it better adapted for its sub^oucut 
treatment in the blast furnace. 

We will not attempt to describe the different forms given to roasting famsces eni* 
ployed for the ores treated by this process, but would remark that ihev fr» oui ntly 
resemble the kilns used for the preparation of lime, wIhIjh in i'Onu* lustaiu ts the (»res 
are roasted in heaps interstratified with wood or other fuel. 

The method of treating ore by affimhj is particularly adapted to tlmse varieties that 
contain a considerable amount of silica, since such minerals if treated hv double de- 
composition, would, by the formation of oxide of lead, give rise to sil.cat^s, from 
whmh It would be exceedingly difficult to extract the metal. 

Engiiih proems. Treatment 6y doubie decompositim. — Galena, if placed in a 
close vessel which protects it from the action of the air, and expofiod to a era- 
dimUy mcreasmg temperature, becomes fused without the elimination of any h-ad 
taking place, bat ultimately a portion of ^;he salphur is driven off, and a subsulphide 
IS which at a very elevated temperature is volatilised without change. 

If, however, the vessel be uncovered, and tbe air allowed to act on its contents, 
oxvgen combines with the salphur, sulphurous acid is evolved, and the desulphuration 
ot the inin»‘ral is slowly effected. 

When galena is spread on the hearth of a reverberatory furnace, and is so placed 
largest possible amount of surfaceT.o oxidising influences, it will be 
lound that^e surface slowly becomes covered with a yellowish-white of sulphate 
u- k ojtygcn of the air, by combining ^ith the two elementary bodies-e^ 

which gal^ IS composed, will evidently prcwiuce this effect This is nqf, however, 
the only ch^ical change which takes place in the charge uader these circumstances ; 
oxide of lead is produced at the same lime as the sulphate, or rather the formation of 
the oxide is prior to that of the sulphate. 

In fact, during the first stage of the operation of roasting, snlphuroas acid is 
evolved, the sulphur quits the leaif, and a portion of that metal remains in a free 
state. Ibis becomes ox^ised by the air passing through the furnace, art subse- 
quently a part of u combines with sulphuric acid, formed by the oxidation of so'pha* 
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rous and sulphate of lead is the result. In this vay, after the expiration of a 
certain period, l>oih oxide and suljdiate of lead are present in the furnace. 

During? the early period of the roasting, when the temperature of the furnace is not 
vt*r> elevated, the proportion of sulphate is larger than that of the oxide formed, but 
in proportion as the lu at of the apparatus increases, the production of oxide becomes 
more consideraMe, \^hilst that of the sulphate diminishes. 

The sulphate ..iid oxide thus formed re-act in their turn on the undecomposed 
galena, whilst a portion of the latter, by combining with the sulphide of lead, gives 
rise to the formation of oxysulphide. 

'I'liis last eompouud has no action on galena, except to dissolve it in certain pro- 
portions, but IS readily dccomp<«ed by the aid of ciirbonaceoiis matter. 

It is therefore evident that the addition of carl»on, at this stage of the operation, 
will have the effect of reducing the ovule and ox> sulphide of lead. 

E\ery process then that lias for its object the reduction of lead ores by double 
decomposition, comprises two jirincijial oj»erations. 1st. The reduction of g^na, by 
the a«l of heat and atnio^plierio air. to a mixture of sulphide, oxide, and sulphate, 
wliK'ii mutually decoinpoM* each other, with the elimination of metallic let^. 2nd. 
'I’he ndiu'tion of the ox\sulphide by the addition of carbonaceous matter. 

7Vi(- rtt I ilnjutiut/ Jurnace. The reverberatvy furnace employed for the 
treatment of galena is composed, like all other furnaces of this deicriplio8, of three 
distinct parts, the fire-place, the hearth, and the chimney. 

'I'lie hearth has to a certain extent the form of a funnel, of which the lowest point 
i^on the front side of the furnace immediately below the middle door. The molten 
nu'tal descending from every side along the inclined bottom or sole, is collected in 
this receptacle, and is ultimately run off by means of a proper tap-hole. This tap- 
hole is, during the operation, closed by a pellet of clay. 

The inclination of the hearth is more rapid in the vicinity of the fire-bridge than 
towards the ehimney. in order that the liijuid metal may not be too long exposed to 
the oNidising ami Mdatihsing uitUiences of a current of strongly -heated air. 

The dmiensKins pi\cn to these furnace*?, as well as the weight of the charge 
op*'raied on at (‘lie time, \ary considerably i» different localities, but in. the north of 
Knghind the following measurements are usually employed :--The fire-grate is 5 ft. 
Urn. X I ft loin., and the thickness of the 6re-bridge 1 ft. (> in.; the length of the 
sole is 9 ft,, and its average width 7 ft The depth of the tap is about 2 ft 6 in. below 
the top of the inclined soK?. The height of the roof at the firc-eud may be I ft. 4 in., 
and at the other exiromitj 1 1 inches. 

The iniroduotion of the charge is in some cas< s effected by the doors of the furnace, 
whilst in other instances a hopper, placed over the centre of the arch, is made use of. 

On the two sides of the furnace are placed three doors about 11 in. x 9 in., 
which are distinguished as I, 2 and 3, counting from the fire-bridge end. The three 
doors on the one side are known as the front-doors, whilst those on the other side are 
called the back-doors. Immediately beneath the door on the front side of the furnace 
is situated the iron pan into which the molten lead is tapped off. 

The bottom of this arrangement is in most cases composed of fire-bricks, covered 
by a layer of vitrified slags, of greater or less thickness. In order to form this bottom, 
the slags are introduced into the furnace, the doors closed, aud the damper raised. 
An elevated temperature is thus quickly obtained, and as soon as the scoriae have 
bi'coiiie sufficii'ntly fused, they are, by means of rakes and paddles, made to assume 
the required form. The charge employed, as before stated, varies in almost every 
estuhlibhment. In the North, liowever, smaller charges are qsed than most other 
localities. At Newcastlf, and in the neigWiourhood, the charge varies from 12 to 14 
cwt. ; in Wales, and near Brisiol, 21 cwt. charges are treated ; whilst in Cornwall, 
charges of .30 cwt. are not unfrcquently worked. The time required for smeltiog a 
charge varies with its weight and the nature of the ores, from 6 to 24 hours. 

In some cases the ore is introduced raw into the furnace, whilst in others it under- 
goes a preliminary roasting previous to its introduction. Rich ores are generally 
smelled without l^ing first calciiled, but the poorer varieties, and particularly those 
which contawi large quantities of iron pyrites, are, in most instances, subjected to 
-•rating in a separate furnace. « 

In ordec to understand more clearly the operation of smelting in furnaces of this 
descriptioff, we will suppose that a charge has just been tapped off, and that, after 
thoroughly clearing the hearth, mfresh charge of raw ores has been introduced. Du- 
ring the first part of the operation of roasting, which usually occupies about two 
hours, the doors are taken off to admit free access of air, and also for the purpose of 
cooling the furnace, which has been strongly Seated at the close of the preceding 
operatic^ No fuel is at this period charged upon the grate, since the heat of the 
furnace is of itself sufficient to effect the elimination of the first portions of sulphur. 
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ere is car<f^allr siliTvd, fur ill ' pirj'o'K' «»f c«*D%!antl) pr» ut.f.i: a ‘Wfae-* 

to oxuiising influences, and wh**n Uitr fiiin«H.ire no r*. <-1 i p in 

large quantities, a little coal ma\ l>c t*ir»>*n the irrj'o. ar .1 th- t : • « r.i' ^radu- 

ai!) elevated onlil the charge Ucoin - h •» rlamnn and j-lh* ’■■ ' !• t - rake. 

When the roasting !S considered a« U Ml;; ^nthc.enH^ ad % .me* «1. «h- 'n ^ r t .rn- ht« 
attentjou to the slate of tlie fire, taking • .ire to r* th*- i ..ok* r*. a d t f - irrale 

into proper condition for the reception of a fresh siippis i.f find. T'. ! ,r: i . .‘-urs 

are now cl»>sefl. and a strong luat is kepi up f4>r atnint a purt* r •)f .n \. ir. » i eo the 
Miu lter examines the condition of his charge hy mnuv iig »»• ■ “j ti,. .’.-.r* If the 
o{HTati«)n is progressing satUfactorily, and the h a<i rtow.Mg fr- . is ,r.d w. ‘111.111 

• ‘hstruction int«) the tap, the firing is rnntinueti a htth* h>i.g. r. hot «h. o th*- otrs 

1 au’ been found to have taken fire, or are U*ng tiiiesenl) on 1:1. P*!t.rm . f ti,. ; .r- 

i..ice, the position of the charge is change<l hy the use tif an ir <1 p.i.i 1 .• I»i.r i.g 

this op* ration the furnace beciimes partially c<j»>led, ami the pilnci ..n *.i t. u p. ra'..re 

thus ('btaiiH-d U frequently found to produce deconi|x>*itioii«. winch f.e..'i tii.- r*- 
(iifiiou of th«‘ charg*“. In the rase of extremely refractory *.re» this d'* r: Mr !.• at.-.g 
a hI cooling of the furnace is .*M>in(diiio s almost indispi-nsihl**, wh.;«*, -o «*h‘r .n- 
st.Hices. their being once or twice rak^ni over is all the manipulation in.it is t- pi.r. d. 

We wil^suppose that four hoii^s have now el.ips.-d since the charg ng *»f ih*- fiir* 
nace, and that the charge has run down the inclined sole tovanls th.- f.ip lit' 
smelter now examines the condition of the scoruT and ad«U a rmipie rif shos* Ifuls < f 
lime and three or four shovelfuls of small coals, the amount ari*! n lativi- pr<q.i.rt.ii'.% 
of these being regulated in accordance with the aspcl of the slagw. The charj*- U 
now, hy means of proper tooU, again r.iised to the hreast i>f the furnace, and tie tir . ig 
emtinued until the charge has run d*»wii int*> the lap hole. The foreman n*»w i.is*- 
his rake and feeU if any lumps remain in an utifuscfl condition, and if he fuid» ;dl t.» 
bo in a fluid state be calls his assistant from the other side, and hy the addition ‘d .1 
small ipiantity of lime and fine coal, makes the slag assume a pasty or rather dou jh<i 
consistency. By the aid of his paddle he now pnshet this compound up to the -q 
site side of the furnace, nher** it is drawn by an assistant through the back door lof*. 
a trough containing water. Whilst the assistant is doing this the foreman is busilj 
engaged in tapping off the metal into the iron pan in front of tlie furn.ac**. from « h * li. 
when sufficiently cooled, it is ladrd out into suitable inoulils. 

The t<rtal duration of the operation may lie about frix limirs. 

To flhild a furnace of the above description. 5000 common bricks. 2n0t) fire bricks, 
and 2.y tons of fire-clay arc required. In addition to this must be reckoned the ir..!i- 
work, the expense of which will be much influenced by the nature of the arroatuns 
employed and the locality in which the furnace is constructed. 

The amount of fuel employed for the treatment of a ton of load ore varien not onlv 
in relation to the richness of the mineral, but is aK.» nmcli influenced bvihe nature of 
the assiiciated matrix and the calorific value of th*- fu* I irs,-|f The lovn of niot.il . \- 
perienced during the operation h mainly d»’p*n*lent on the ri'‘hne«k of th*' *tre treated 
and the skill and attention of the foreman. 

In the North about 12 cwt. of coal are consumed in the olaVH>rat?on of one ton of 
ore, and the loss of metal on fiO per cent, ore mav he estimated at al>.>ut 12 per cent, 
(.f which about 6^ per cent, is subsequently recovered from the slag and fumes. At a 
■well-conducted smelting works, situated in the west of Kngland, m which the average 
assay of the ores smelted during the year was 75^, the vieM from the smelting fur- 
naces was 68i per cent., and the coal used p<r ton of ore was I'W cwts. The lead 
recover^ from the slag and fumes amounted to per cent, making the total vield 
ot metal 71^ per cent, and the loss on thiTa.ssay produce cent. 

In tins establishment the men are paid from 7$. 6f/. to 12 j. 6d. per ton of lead, in 
acc<*rdance with the nature of the ores operated on. 

In one establishment the process before described is somewhat varied. The charge 
employ e<l is 21 cwt. This is run down ami tapped off at the expiration of fi hours, 
and about 'j pigs of 1 j . wt each usually obtained. A second charge of 21 cwt. is 
then dropfX’d in. and, as soon as vt is roasteil, mixed^with the slags of the former ope- 
ration. The whole is then run down in the ordinary way, the slags dHiwn and the 
lead tapped off in 9 hours. The prf»*luce <‘f the s'r^ond or double charge is fromfl^^ 
to 15 pigs. 

If the ores are difficult to flow. 16 to If4 hours are required for the two charges. 
A small quantity of black slag from the »dag hearthns employed for drying up. 

1079, 1080, 1081, represent the reverberatory furnace at the Marquess of West- 
minster’s lead smelting works, two mjlesfrmn Holywell. The hearth is hollowed out 
^low the middle door of the furnace; it slope.s from the back and ends towards this 
basin. The distance from the lowest point of this concavity up to the sill ofThe door, 
IS usually 24 inches, but it is sometimes a little less, according to the quality of the 
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ores A be smelted. Tins furnace has no hole for running off the slag,\ibove the level 
of the tap hole for the lead, like the smelting furnace of Lea, near Matlock. A 
sinple chimney stalk serves for all the esta^ishment : and receives all the flues of the 
various roasting and reducing furnaces. Ftg. 1081 givesan idea of the distribution of 
these tluvs a a a, kc. are the furnaces: A, the flues, 18 inches square ; these lead 
from each furnace to the principal conduit c, ^hich is five feet deep by 2^ wide; d is 
Ti feet deep hy .‘J ido ; e IS a round chamber 1.5 feet in diameter ; y is a conduit, 7 feet 
hiii’ti 1)> ') wide : 57 another, 6 feet high by 3 wide. The chimney at h has a diameter 
at bottom of 30 feet, at top of 12 feet, including the thickness of its sides, forming a 
trtineated cone 100 feet high ; whose base stands upon a hill a little way from the 
fun. acts, and 62 feet above their IcvcL 

ti. Jitjs. 1079, 1080, is the grate ; the door of the flro- place ; r, the fire-bridge ; r/, the 
arched roof; e, the hearth ; ///, ^c, the working doors ; y g, flues ninniog into one 



conduit, which leads to the subterranean condensing-chamber c, and thence to the 
general chimney ; A, a hopper-shaped opening in the top of the furnace, for supplying 
it M ifh ores. 

This magnificent structure is not destined solely for the reduction of the ores, but 
also for dissipating all the vapours which might prove noxious to the health of the 
workpeople and to vegetation. 

The ores smelted at Holywell are very refiractory galenas, mixed with blende, cala- 
mine, pyrites, carbonate of lime, &c., but without any fluate of lime. They serve 
mutually as fluxes to one another. The coal is of inferior quality. The sole of each 
furnace is formed of slags obtained in the smelting, and they are all of one kind. In 
constructing it, 7 or 8 tons of these slags are fii^t thrown upon |he brick area of the 
hearth; are made to melt by a brisk fire, afid in their stiffening state, as they cool, 
they permit the bottom to he sloped and hollowed into the desired shape. Four 
workmenrtwo at each side of the furnace, perform this task. 

I'he ordinary charge of ore for one smelting operation is 20 ewt, and it is intro- 
duced through the hopper. An assistant placed at the back doors spreads it equally 
over the whole hearth with a rake ; the furnace being meanwhile heated only with 
the declining fire of a preceding <!^eration. No regular fire is made during the first 
two hours, a gentle heat merely is kept up by throwing one or two shovelfuls of 
?m^l coal upon the grate from tima to time. All the doors are closed, and the re- 
gistcr-plate pf the chimney lowered. 

The outCT basin in front of the furnace is at this time filled with the lead derived 
from a former process, the metal being eovec^ with slags. A rectangular slit above 
the tap hole is left open, and remains so during the whole time of the operation, unless 
the lead should rise in the interior basin above the level of that orifice; in which case 
a little mound must be raised before it. • 

The doors in front furthest from the fire being soon opened, the head-smelter 
throws in through them, upon the sole of the furnace, the slags swimming upon the 
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bath of le»d, Wi4 • IHlIe while efterwsnl* he open» the tap-bote. an4 run* off the me. 
lallic lead redneed from these •latfs. Aithe samettme h:« a*« '-ant t-in «onr the ore 
with hi* paddle, thrnujth the hack iloors,' Tb.-w heinji a.-am rl. .». ■!. wtoli the ahore 
two front doort are open, the imielter throw# a diovelful of »ma l c. .i! or .-.de eimler 
upon the lead hath, and works the whole together, turnui); or. r the or. » oh the [^dle 
or iron oar. About three ipiarters of an hour after tlie comim ncenient ■ f the opera- 
tion, he throws back upon the sole of the hearth the fr. sh sit.:# who h tt.en tl»at upon 
the bath of the outer Imsin, and which are with e.silj matter, lie neat tiirtu 

orer these slatm, a* well as the ore with the paddle, ami shuts all the ij.e rs. At this 
time the smelter lades off the leail into the pig moulds. 

The assistant now turns over the ore once more through the l>ack di» rs. \ little 
more than an hour after the operation began, a i|tiantitj of lead proee-d r.g from the 
slag last remelted, is run off by the tap; being usually in such .)u.intit,i as to fill one 
half of the outer hasin. Iloth the workmen then tuni orer the ore w.th the paddh-s, 
at the several diors of the furnace. Its interior is at this time of a dni! re,i heat; the 
roa.sling being earned on rather hy the csimbustion of the sulphurous ingnd-. nts than 
hy the action of the small iiuantily of coal in the grate The smeller, afti r shutting 
the front doors, with the except^n of that nett the fire-hridge. lifts off the fr.'sh slags 
lying upgn the surface of the outside bath, drains them, and ihmws them back into 
the fomace. 

An boar and a half after the commencement, the lead begins to ooge out in small 
quantities from the ore ; but little should be suffered to flow before two boars hsn-e 
expired. About this lime the two workmen open all the doors, and tnm orer the ore, 
each at his own side of the furnace. An hour and three quarters after the beginning, 
there are few vapours in the fnmacc. its toinperature being very moderate. No more 
lead is then seen to flow upon the sloping hearth. A little coal being thrown into the 
grate to raise the heat slightly, the workmen tnm over the ore, and then close all the 
doors. 

At the end of two hoat■^ the firnt fire or roasting being completed, and the doors 
shut, the register is to be lifted a little, and coal thrown npon the grate to girc the 
teemd fire, which lasts during 25 minutes. When the doors are now opened, the inside 
of the ftimtce is of aririd red colonr, and the lead flows dou n from every s. ie towards 
the inner bSMin, The smelter with his rake or paddle pushes the sl.vgs n|><m that has.n 
back towards the upper part of the sole, and his assistant spreads them iiii.formly over 
the surface through the back doors. The smeltpr next throws in by his middle door, a 
few shovelfuls of quicklime upon the lead bath, ^be asaistant meanwhile fur a qimrter 
of an hour works the ore and the slags together through the three hack doors, and 
then spre.ids them out, while tlie smelter pushes the slags from the surfkce of the inner 
basin back to the upper part of the sole. The doors In ing now left open for a little, 
■while the interior remains in rep -se, the metallic lead, n lueh had been pushed back with 
the slags, flows down into the basin. 'I’his ocea-ional i oe/oiq of the ftiin.-if >■ tli'.i ight 
to be necessary for the better separation of the preduofs rjailj of tli- ‘l.jps from 
the lead bath. 

In a short time the workmen resume their rakes, and turn on r the alonp with 
the ore. Three hours after the commencement, a little more fuel put into the prate, 
merely to keep up a moderate heat of the furnace during the paddling. After three 
hours and ten minutes, the grate being charged with fuel f^or the third Ji/r„ the register 
is completely opened, the doors are all shut, and the furnace is left in this state for 
three quarters of an hoar. In nearly four hoars from the commencement, all the 
doors being opened, ^he assistant levels Uie surfaces with his rake, in order to favour 
the descent of any drops of lead ; and then spreads the slags, which are pu'ihed back 
towards him by the smelter. The latter now throws in a fresh quantity of ^me, with 
the \ lew not merely of covering the lead bath and preventing its oxidation, bat of 
rendering the slags less fluid. 

Ten minutes after the third fire is completed, the smelter put-s a new charge of fuel 
on the grate, and shuts the doors of the furnace to give it the fourth fre. In four hours 
and forty minutes from the cominenrenient, this fire being finished^ the doors are 
opened, the smelter pierces the tap-hole to dischai^e the lead into the outer basin^ud 
throws some quicklime upon the .slags in the inner basin. He then pushes the 8la|p» 
thus dried up towards the upper part of the hearth, and his assistant rake/lhem out by 
the back doors. 

The whole operation of a ameUing shift takes about four hours and a half, or at most 
five hours, in which four periods may he distinguished. 

1. The frst fire for roasting the ^res requires very moderate firing, and lasts two 

hours. ^ 

2. The second fire, or smelting, requires a higher heat, with shut doors j at the end 
the slags are dried up with lime, and the furnace is also allowed to cool a iitUe. 
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3, f. The last ti% o periods, or the Onrd and fourih Jh'cSt are likewise tVo smeltings or 
foundings, and differ from the first only in requiring a higher temperature. The heat 
is greatest in the last The form and dimeo^ons of thefiimace arc calculated to cause 
a uniform distribution of heat o\’er the whole surface of the hearth. <^metimes 


billets of green ^ood are plunged info the metallic lead of the outer basin, causing an 
ebullition wliieli favours the separation of the slags, and consequently the production 
of a purer lead : but no more metallic metal is obtained. 

Ten c wts. of coal are consumed at Holywell in smelting one ton of the lead -ore schhch 
or ‘^ludge ; but at Grassington, near Skipton in Yorkshire, with a similar furnace worked 
with a slower heat, the operation taking from seven hours to seven hours and a half, 


instead of five, only 7 J cwt. of coal are consumed. But here the ores are less refractory, 

have the benefit of fluor spar as 1 

a flux, and are more exhausted I 1 I 1 

of their metal, beintr smelted unon I — i 


a flux, and are more exhausted 
of their metal, being smelted upon 
a less sloping hearth 

T/w oie-hcarih — This furnace, 
calU-d b\ the French fouincaM 
is fn)m 2*2 to 24 inches 
in hciglit and 1 foot by in 
area inside •, but its horizontal 
section, always rectangular, va- 
r^'s much in its dimensions at 
different levels, as shown in fig. 
10S2 



C, Tujere. M, Worketone. P, Lead pot. 


Treatment of lead area hy the Seotch furnace or ore^hearth. — This furnace is generally 
employed in the counties of Northumberland, Cumberland, and Durham, for the 
smelting of lead ores, which were formerly carried to them without any preparation, 
but they are now often e xposed to a preliminary calcination. The roasted ore yields 
in the Sk-oteh furnace a more considerable proiiuct than the crude ore, because it 


forms in the furnace a more porous ma«s, and at the same time works to use 

the founder's expression ; that is, it allows the stream of air impelled by the blast 
to diffuse itself more completely across the matters contained in the furnace. 

In proceeding to smelt by means of an ore-hearlb, two workmen are required to be 
in attendance from the beginning to the end of each smelting shift, the duration of 
which is from 12 to 15 hours. 'J'he first step in commencing a smelting sluft is to fill 
up the hearth-bottom, and space lielow the workstone with pea/s, placing one alre^y 
kindled before the nozzle of the bellows. The powerful blast very soon sets the 
whole in a blaze, and by the addition of small quantities of coal at intervals, a body of 
fire is obtained, filling the hearth. Roasted ore is now put upon the sur^e of the 
fire, between the forestone and pipcstone, which immediately becomes heated red hot 
and reduced ; the lead from it sinking down and collecting in the beuth hott<Hn. 
Other portions of ore of 10 or 12 lbs. each are introduced from time, to time, and the 
contents of the hearth are stirred and kept open, being occasionally drawn out and 
examined npon the workstone, until the h^ith bottom becomes full of lead. The 
hearth may now be considered in its regular working state, having a mass of heated 
fuel, mixed with partly fused and semi-reduced ore, called Brouze, floating upon a 
stratum of melted lead. The smelting shift is then regularly proceeded with by the 
two workmen, as follows : — The fire being made np, a stratum of ore is spread upon 
the horizontal surface of the brotize, and the whole suffered to remain exposed to the 


blast for the space of about five minutes, ^t the end of that time, one man plunges 
a poker into the fluid lead, in the hearth bottom below the brouze^ and raises the 
whole up. at different places, so as to loosen and open the brouze, and in doing so, to 
pull a part of it forwards upon the workstone, allowing the recently added ore to sink 
down into the body of the hearth. The poker is now exchanged for a shovel, 
with a head 6 inches square, with which the brouze is examined upon the workstone, 
and any lumps that may have be^ too much fused, broken to pieces ; those which are 
so far agglutinated by the heat, as to be quite hard, and further known by their bright- 
ness, being pTcked out, and thrown aside, to be afterwards smelted in the slag hearth. 
"lU^y are called “grey slags.'* A^Utle slaked lime, in powder, is then spread upon 
the brouzO^ich has been drawn forward upon the workstone, if it exhibit a pasty 
appearance ; and a portion of coal is added to the hearth, if necessary, which the 
workman knows by experience. • In the me^n time, his fellow workman, or shoulder 
fellow, clears the opening, through which the blast passes into the hearth, with a 
shovel, and places a peat immediately above it, ^hich he holds in its proper situation, 
until it is fixed, by the return of all the brouze, from the workstone into the hearth. 
The fire^s made up again into the shape before described, a stratum of fresh ore 
spread upon the part, and the operation of stirring, breaking the lumps upon the 
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workstone, atMi ptckin^ oat th** hard r< afttr th <i| raiti<n of^ * fev 

mmutea, exactly in the same manner At every viimug a fre%h ;• f ut above 

the noxile of the bellows, which divid»v‘“he bUvt. and cativ-^ it «•> d strihuin^ all 
over the hearth ; and as it hums away into a«tie«, an opn-n • ^ .« U-ft fur the 

blast to issue freely into the btxly of the hrouse. The <wdt and • afarv «>f dried 

p^l renders it very smiahie for this parp^s** ; hut. m »omf where a 

deficiency of peats has occurred, bltK'ks of w«m^ 1 <>f the <aine «.«< ha%«' Utn used 
with little disadvantage. As the smelting proceeds the re«liietd lead, hdi* r n;; down 
through all parts of the brouae into the hearth bi>ttom, rh<w« throu^li the channel, out 
of which it ts laded into a proper mould, and formed into pi^ 

The principal particulars to l)c atteuded to m managinc an on-hearih properly 
during the smelting shift, arc these: First. — It is very impvrtant to emp) >y a 
proper blast, which should be carefully regalati'd, so as to be n< :th<*r wrak. nor 
too powerful Too weak a blast would not excite the requisite hrai to ndu. r the ore, 
and one too i>owertul has the effect of fusing the contents of the hearth into slags, 
lathis particular no certain rules can be given; for the sime blaat is not suitable 
fur every variety of ore. Soft free-grained galena, of great sp€*cific gravits . being 
very fusible, and easily reiluced,^ requires a mtwlemte blast ; while the harder and 
lighter varieties, many of which contain more or less iron, and ari* n^en found rich 
in nlver, require a blast considerably stronger. In all caju's. it is most r-ss<’ntul. that 
the blast should be no more than sufficient to rtniuce the ore, every other ne* 

Cfissary precaution is taken in working the hearth. S*>cond. — The blast should b«' a* 
much divided as possible, and made to pass through every part of the broui*'. Thifvl. 

• — The hearth should be vigorously stirretl. at due intervals, and |>art of its contenfi 
exposed upon the workstone; when the partially fused lumps should he well brok‘n to 
pieces, as well as those which are further vitrified, so as to form slags, carefully pickM 
out. This breaking to pieces, and exposure of the hottest part of the bronze upon 
tbe workstone, has a most beueficial effect in promoting its reduction itito lead : for 
the atmospheric air immediately acts upon it, and. In that heated state, the sulfdiur 
is readily consumed, or converted into sulphurous acid, leaving the lead in its mei.ilhc 
state*, hence it is that the reduced lead always Hows most abundantly out of the hearth 
immediately after the return of the bronze, which has !>< cn <.pri .vl out and to 

the atmosphere. Fourth.— The quantity of lime used should ho uo more than is just 
necessary to thicken the bronze sufficiently ; as it does not m the lra*.t contribute to 
reduce the ore by ny chemical effect: its use is merely to render the bronze less 
pasty, if, from the heat being too great, ot from the nature of the ore, it has a dis* 
position to become very soft. Fifth.— Coal should be also supplied Judiciously ; too 
much unnecessarily increasing the hulk of the brouze, and causing tbe hearth to get 
too full. 

When the ore is of a description to smelt reailily, and the lu arth is well managed in 
every particular, it works with but a .‘<nnll ijuantity of broM/o. will, h U dr\ «iu-a 

stirred, and is easily kept open and permeable to the blast. Th-* r. -Im t i>ri pr.-rct^ds 
rapidly with a moderate degree of heat, and the dags produced ar^* incmiM-b ral'Ie : but, 
it iQ thi.s state, the stirring of the bronze and expo«ure upon tlie woi k.-ofone are discon* 
tiDued, or practised at longer intervals, the hearth quickly gets too hot, and imme- 
diately begins to agglutinate together; rendering evident the necessity of these 
operations to the successful management of the process. It is not difficult to under- 
stand why these effect.s take place, when it is considered, that in smelting by means 
of the ore-hearth, it is the oxygen of the blast and of the atmosphere which principally 
accomplishes the reddetion ; and the pointdo be chiefly attended to consists in exposing 
the ore to its action, at the proper temperature, and under the most favourable cir- 
cumstances. The importance of having the ore free from impurities i.s also evident j 
for the stony or earthy matter it contains impedes the smelting process, and in- 
creases the quantity of slags. A very slight difference of composition of perfectly 
dressed ore may readily be understood to affect its reducibility ; and hence it is, that 
ore from different vein-s or the same vein in diffe^nt strata, as before observed, is 
frequently found to work very differently when smelted singly in t^ hearth. It 
happens, therefore, that with the best workmen, some varieties of ore require mor^ 
coal and lime, and a greater degree of heat than fnhers ; and it is for this reason That 
the forestone is made movable, so as either to an.swer for ore which .wfrks with a 
large or a small quantity of brouze. 

It has been stated that the duration of a smcltin/shift is from 12 to lo hours, at the 
end of which time, with every precaution, the hearth is apt to become too hot, and it 
is n-’cessary to stop for some time, in order that it may cool. At mills where the 
smelting shift is 12 hours, the hearths usually go on 12 hours, and are siisn^nded 5 » 
four and a half or five bings* of ore (36 to 40 ewt) are smelted during a shut, and the 

V I binges cwts 
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two fcen who manape tlie hearth work each four shifts per week ; tATiiinating their 
week’s work at .3 o’l Io< k on NW^tlnesday aftemoou. They are succeeded by two other 
workuu'D, who also M<.rk fcuir 12-hour shiftt; the last of which they finish at4o’clock 
on Saturday. In these eight sluft.s from 36 to 40 bings of ore are smelted, which, 
when of gc>od <juality, j>r(>duce from 9 to 10 fixiders* of lead. At other mills where 
the shift IS 14 or 15 hours, the furnace is kindled at 4 o’clock in the morning, and 
worked until G or 7 in the evening each day, six days in the week; during this shift, 

5 or 5i bings of ore are smelted, and two men at one hearth, in the early part of each 
week, work three such shifts, producing about 4 fodders of lead — two other men 
work each 3 shifts in the latter part of the week, making the total quantity smelted 
per week, in one hearth, from 30 to 33 bings. 

Uetrrth-ends and Smeltvr's fumr. — In the operation of smelting, as already de- 
scribed, it happens that parlicies of unreduced and senii-reduce*d ore are continually 
expelled from the hearth, partly by the ft>rce e»f the blast, but principally by the 
decrepitation of the ore on tiu- appli< ation of heat. This ore is mixed with a portion 
of the fuel and iiKuh' u-' <>i in ‘'inelting, ail of which are deposited upon the top 
of the smelting lieaitli. and are tailed hearth-ends. It is customary to remoTe the 
lu.irth-eiids from time tci time, and deposit them in^a convenient place until the end 
of the year, or some shorter {KTiod, when they are washed to get rid of ^e earthy 
matter they may contain, and the metallic portion is roa'-led at a strong heat, until it 
begins to soften and cohere into lumps, and afterwards smelted in the ore-hearth, 
exactly in the same way as ore undergoing that operation for the first time, as already 
described. 

It is difficult to state w hat quantity of hearth-ends are produced by the smelting of 
a given quantity of ore, hut in one instance the hearth-ends product'd in smelting 97.51 
bings, on being roasted and reduced in flieore-bearlh, y ielded of common lead 315 cwt., 
and the grey slags separated in this process gave, by treatment m the slag-hearth, 47 
cwt. of sl.tg lead ; making the total quantity of lead 362 cwt , which is at the rate of 
3 cwt, 2 qrs 23 lbs from the smelting of loo hingv of ore. 

Ship hviufh — The \arious slags <»htained from the different operations of lead 
smelting are divided into two classes. Those which do not contain a sutficient amount 
of metal to pay for further treatment arc thrown away as nseles'^. w hilst those iu which 
the percentage of lead is sufficiently large are treated by the skag-hearth. 

Fipn. 1083, 1084 represent a slag-hearth, t\u'/t>unuaii u manchc (elbow furnace) of 
the French, and the knnumufoi (crooked furnace) of the (Germans; such as is used 
at Alston Moor, in C’umlurlund, for the reduction of the lead-slag. It resembles the 
Scotch furnace, 'fho shaft is a parallelopiped, whose base is 26 inches by 24 inches in 
area inside, and whose height is 3 feet ; the sole-plate a, of cast iron, slopes slightly 
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down to the basin of reception or the fore-hearth h. Upon both of the long sides of the 
sole-plate there are cast iron beams, called beareis, c r, of great strength, which sup- 
port the side walls built of a coarse grained sandstone, as well at the cast iron plate d 
( fore-stone)^ which forms the front of the shall. This stands 7 inches off from the sole- 
plate, leaving an empty space between them. The hack side is made of cast iron, 
from the sole-plate to the horizontal tuyere in its middle ; but above this point it is 
made of sandstone. The tuyere is from H to 2 inches in diameter. In front of the 
fore-hearth a cistern e is placed, through which water continually flows, so that the 
slags which spontaneously overflow the fore-hearth may become inflated and divided, 
whereby the lead disseminated though them may be readily separated by washing. 
The lead itso^ flows from the fore-hearth by through an orifice, into an iron pot f, 
whiq|i is kept over a fire. The nietal obtained from this slag-hearth is much less 
pure than th^t extracted directly from the ore. 

The whi^ bottom of the furnace is filled to a height of 17 inches, that is, to 
within 2 or 3 inches of the tuyere,i*with the rubbish of coke reduced to coarse powder 
and beat strongly down. At each smcltinff shifty this bed must be made anew, and the 
interior of the furnace above the tuyere repaired, with the exception of the front, con- 
sisting of cast iron. In advance of the furnace tlfbre is a basin of reception, which is 
also filled^vith coke rubbish. Farther off is the pit, full of water, replenished by a cold 

• 1 fodd<'r=2l cwts. 
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Stream, which iucessanUy runs in through a pipe. Tiio scoria*, in lh*w;n? ont of the 
furnace, pass over the coke be<l in the ba-Mn «»t reception, and then full snt.. the water, 
whose coolness makes them fi) into .%ii)all'ptec< s. attt-r « luch tin v are tas:lv washed, 
so as to separate the lead that may W enlanghd amon-; ilu-m. 

These furnaces are urged sometimes fans or by w(MMlen Kliowi, /i • Hut at 

the smeltunr w«»rks of Lea, 
near MatbK-k. the blowing- 
machine connsMs of two casks, 
whuh move u|-'n hor-.xontal 
a\i H. fiueh of thtst* casks is 
divided into two tijual parts 
by a fix^d plane that passes 
through Its axi«, and is filbd 
with water to a certain heuhl. 
The water of one vide coniinu' 
nicates with that of the other 
by an ojM-n ng m ih«- lower 
part of the divivii.n, Fjich 
cask |M>«sv<'vses a inovejnent of 
oscillation, pi;pdaced hy a rod attached to a crank of a buckei-w h< .1 At ca- h demi- 

oscillation, one of the compartments, Wing in communication witli air, 

is filed; whilst the other, on the contrary, communicates with the noxzle, and supply's 
wind to the furnace. 

Instead of being blown by a cold blast, these furnaces are sometimes siipplud with 
heated air. When smelting with cold air, it is often found rlilficiiU to proportion the 
quantity of slag or other suWtance operated on, so as to preserve the nos*.* or cone of 
alag which forms at the end of the tuye^re from growing too long, to the pri*jud»ce of 
the operation. When the substance operated on is poor for metal, and verv rii fr,it'tMry, 
it freijaently happens that the smelter is obliged to break the nose, or intnxlur** v.une 
very fusible substance in order to melt it off. Hy the introduction of hot air tins m- 
convenience is removed, since by increasing or lowering tiu* tcmp<*rature of the bl;ist, 
the nose may be allowed to lengthen or shorten, according as tin* nature of t!i<* vlags 
may remiire. The temperature found to answer best is from to Mon Kahr. ; 
aitice when it it heated to from 500" to 600®, it is found impossible to form a nose of 
sufficient length to convey the blast to the front of the hearth, and therefore the 
hack, which is expensive to rebuild, is quickly destroyed. 

The advantage to be derived from the use of the hot blast will be evident, from the 
result of two experiments which were tried some years since. 

Twenty-eight tons of slag smelled with cold blast consumed 392 cubic feel of air 
per minute. 

Labour cost --- - - --XMTS 

Coke, 7 tons, at 24s. dd. ~ - - . - 8 116 

Total £11 19 2 

Thirty-five tons of similar slag smelted with hot blast consumed 300 cubic feet of 
air per minute. 

Labour cost -------£378 

Coke, 5 tons, 17 ewt, at 24s. 6(/. . - _ 7 3 4 

Turf for bleating air, 11 loads, U. - - 0 IS 4 


Total £11 9 4 

From which it will be seen that, with one-quarter part less air, a quarter part more 
slag was melted per week, and a saving of expense of nearly lo*. effected. 

Tile loss of lead experienced in smelting by the slag hearth, is, however, verv great, 
even under th^ most favourable circumstanges; and it has. conseouentlv, of later years 
been gradually superseded by the Castilian furnace, which will be shortly described. 
iVlany large and well-conducte<l establishments still however continue to employ the 
slag hearth, and when well constructed and skiinily managed, the loss arising ^rom 
volatilisation may be considerably reduced. ^ ^ 

Castilian furnace. — Within the last few years a blast furnace has been 
introduced into the lead works of this Country, whxK.*h possesses great advantages over 
every other description of apparatus which has heen hitherto employed for the 
treatment of lead ores of low produce. This apparatus, althoiifrh first empioved in 
Spam, was invented hy an Enplishman (Mr. W. Goundrv), who was cmplosed'in the 
reduction of rich slags in the neighbourhood of Carthagena. 

This furnace is circular, usually about 2 feet 4 inches, or 2 feet 6 inches in 
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diai^ter, and Is constructed of tlie Wst fire bricks, so moulded as to It together, and 
allow ail the joints to follovv the radii of the circle described by the linck work. Its 
usual height is 8 feet 6 inches, and the tht^i^Dess of the masonry uivanably ‘j inches. 
In this arranpeineiit the breast is formed by a Senii*circular plate of cast-irtm, 
furnished with a lip for running ofi* the slag, and has a longitudinal slot, in \«hich is 
placed the tappinp-hole. 

On the top of this cylinder of brickwork a box-shaped covering of masonry is 
supported b) a cast-iron framing, resting on four pillars, and in this is placed the 
door fi>r feeding the furnace, and the outlet b> >»bich the \arioiis products of 
coinbiislion escape to the flues. The lower part of tins bo«>d is lilted closely to the 
body of the furnace, whilst its top i'* closed by an arch of -4^ inch brickwork laid in 
fire-clay. The bottom is composed of a nuxtuie of coke-dust and fire-clay, slighth' 
moistened, and well beaten to the height of the top of the breast-pan, wliicb stands 
nearly 3 feet above the level of the tl-Mir. Abo\e the breast-pan is an arch, so 
turned as to form a sort of niche, I'' inches in width, and rather more than 2 feet 
in hi‘ight. 

AVlu n the bt^ttoni has been solidly beaten, up to the required height, it is hollowed 
out so as to Ibnii an internal cavity, coiniimnicating freely with the broast-pan, 
which IS filletl with the same material and subst^ucntly hollowed out ^ a depth 
sbghtl) below the lc^el of the internal cav>t\. 'I'he bl.ist is supplied b\ thr<.’e water 
tiiy' res, 3 iuchos in diameter at the smaller end, uichc^ at the larger, and 10 
ineiie.s m length. Into these the no/zles arc intr<Hluce<l, by which a current id air is 
supplied by means of a fan or ventilator, making al>out 800 rcTolutions per minute. 
The blast may be corn eniently conducted to the nozzles through brick channels formed 
beneath the floor of the smelting house. 

The ores treated in tliis furnace ought never to contain more than 30 per rent, of 
metal, and wlien richer, mint be reduced to about this tenure by the addition of slags 
and other fluxes. In ch.argmg this apparatus, the coke and ore are supplied stratum 
sii|)er stratum, ami care mint be taken so to dispose the coke as not to heat too 
violently the brick woik of the furnaces. In onUr t«> allqw tin* .^lags which are pro- 
duced to escape freely into the breast-pan, a brick is left out of the front of the 
furnace at the lieiglit of the fore-hearth, which, for the purpose of preventing the 
cooling of the sconce, is kept covered by a la\er of coke-dust or cinders. Troni the 
breast-pan the slags flow constantlj ofl over a spout into cast-iron waggons, where 
they consolidate into masses, having the form of truncated pyramids, of which the 
larger base is about 2 feet square. As soon as a sufficient amount of lead is 
accumulated in the bottom of the furnace, it is let off into a lateral lead-pot, by 
removing the clay-stopper of the tap-hole situated in the slot of the breast-pan, and 
after being properly skimmed it is laded into moulds. When in addition to lead the 
ore treated likewise contains a certain portion of copper, this metal will be found in 
the form of a matt floating on the surface of the leaden bath. This, when sufficiently 
solidified, is removed, and after being roasted is operated on for the copper it contains. 

The waggons in which the liquid slag runs off, are frequently made to traverse 
small railways, by which, when one mass has been removed, its place may readily be 
supplied by an empty waggon. When nearly cold the casings of the waggons are 
turned over and the blocks of slag easily made to drop out. In addition to the facility 
for transport obtained in this way, one of the great advantages obtained by this 
method of manipulation arises from the circumstance that should the furnaces at any 
time run lead or matt, without its being detected by the smelter, the whole of it will 
be collected at the bottom of the block, from which, when cqld, it mav be readily 
detached. • 

In working these furnaces, care must be taken to prevent flame from appearing 
at the tunnel-head, since, provided the slags are sufficiently liquid, the cooler the 
apparatus is kept the less will be the loss of metal through voiatilisation. In addition 
to the greatest attention being paid to the working of the furnace, it is necessary, in 
order to obtain the best results, that all establishments in vrhich this apparatus is 
employed should be provided witl*long and capacious flues, in which the condensation 
of the fumei? takes place, previous to arriving at the chimney-shaft. These flues 
should be built at least three fee^in width, and six feet in height, so as readily to 
admit of cleaned, and are often made of several thousand yards in length. The 
value of fneTumes, so condensed, amounts to many hundreds, and in some instances 
thousands per annum. • ^ 

In order to be advantageously worked in these famaces, the ores should be first 
roasted, and subsequently agglomerated into masses, which, after being broken into 
fragments, of about the size of the fist, and miseH with the various fluxes, are charged 
as befor<r^t*scribed. ° 

In an establishment in which the average assay produce of the roasted ore for lead 

- U U 2 * 
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is 42]ths» fi^aee yield is and the weight of coke emplovtHl to cWect 

the i4dactioD 22 per cent, of the roasted ore operated t>n. The mixture char^’c^l mlo 
the furnace, in this instance* is compost'd ctf luo {>arts of roasted ore, 42 [>arts of slags 
from a previoos operation* S parts of scrap iron, and 7 i>aiis of limestone. F.ach 
furnace works off about seven tons of roasted ore m the course of 2 4 hours ; the 
weight of slags run off is about double that of the lead obtained, and the in.att removed 
from the smr&ce of the pan is nearly 5 per cent, of the lead pru<luce<l. The ores 
treated in this establishment consist of galena* much mixed with tpalhosc iron, and 
are therefore somewhat refractory. A furnace of ihi'* kind r**<|u:res f<»r its construction 
about 1000 segmental fire-bricks, and the same number of ordinary fire-bricks of 
second quality. 

1086 1087 
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Aas. 108G 1087, 1088 , and 1089 represent ri-spooti'clyavertical seeflon, an edevation, 
a pround plan, and’an horizontal see lion of a tVtilian fumaee. The B<-etion./;9 1089 
is on the line X v, fu,. 1087. A is the bodt of the furnaee, n, the bottom eomis,sed of 
amixtiire of eoke-dust and fire-elav ; c c c, the tu j res : i.,the reetanpniar ens ermp of 
masonry j r. i. y r.. east iron pillars ; r, the breast-pan ; c, slot for tapping hole ; u, hp 
of breast-pan; I, feeding dixir ; K, flue-hole; f, «, ground line. 

I'lgs. 1090, 1091 are the slag-waggons, a being a movable case without a bottom, 
and D a strong cast-iron plate running on four wheels. 
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The destilphtimlion of the ores to be treated in these fiirnaees may be effected either 
by tlic aid of an onitnary rc\ tTth*ralt.>ry rtaMmp furnact', or in lu'a]'*'. or |‘rop<Tly 
c<»n«tructoil kilns. 

The kilns bv.st a«laptt‘(l for this |>urjM>s«> consist t>f rect.'inpnlar ebambers. haMnp an 
arched rcK)f, and pri'vuled ■with proper thics for the esc.ipeol ed s, as 

Well as a wide door for cliarginp and ^^lthdra^» me ihe ore to be opi ratc'd on. 

Each of those clianib<*rs is capsible of cinitainin^ from 2.) to tons of ore. and 
in order to charge it a lawT of fappots and split Mood is laid on the floor, and this, 
after havinj; bt’en covtTed hv a Uimt of ore about two feet in thickness, is ipnited, 
care heinjf at the same time taken to close, by means of loose brick-work, the open- 
ing of the door to the same height, ^^hcn this first lajer has become sufficiently 
ignited, a fresh stratum of ore, mixt^ ■with a little coal or charcoal, is thrown upon it, 
and when this layer has in ift turn become sufficiently heated, more ore is thrown 
on. In this way more ore is from time to time added, until the kiln has become full, 
when the orifice of the doorway is closed by an iron plate, and the operation proceeds 
regularly and without further trouble until the greater portion has become eliminated. 

This usually happens at the expiration of about four weeks from the time of first 
ignition, and the brick-work front is then removed, and the ores broken out, and after 
being niixt'd with proper fluxes, passed through the blast furnace. 

Tlie proportion of wood necessary for the roasting of a ton of ore by this means 
must neces>arily depend on the ct>mposition ol the minerals operated on : but with ores 
of the description above-mentioned, and in a neiglihourhood where wood is moderately 
cheap, the desulphuration may be effectedwt a c<»st of about 5^ per ton. 

Calciniiuj. — The lead obt.ained by the various pri>cesses above descril>ed generally 
contains a sufficient amount of silver to render its extraction of much importance ; 
but, in addition to thi«. it is not unfre'jncntly associated with antimony, tin, copper, and 
various other impurities, which require to be removed before the separation of the 
silver can be effected. 

This operation consists in fusi^ the hard lead in a reverberatory ftimace of poculi^ 
constructior^ and allowing it to remain, when in a melted state, exp^ed to the oxi- 
dising influences of the gases passing through the apparatus. By this treatment the 
antimony, copper, and other impurities become oxidised, and on rising to the surface 
of the mifEHUic bath are skimmed off. and removed with an iron rake. The hearth of 
the furnace in which this ope^tion is conducted consists of a large c.ist-iron pan, 
which may be 10 feet in length, $ feet 6 in^es in width, and 10 inches in depth. The 
fire-place, which is 1 foot 8 inches in width, has a len^h equal to the width of the 
pan, and is separated from it by a fire-bridge 2rfeet in width. The height of the arch 
at the -bridge end is 1 foot 4 inches above the edge of the pan, whibt at the outer 
extremity it is only about 8 inches. 

The lead to be introduced into the pan is first fused in a large iron pot fixed in 
' ir c 3 
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brick-work at tfie ride of tbe fumaco, and snb^eqaenlly Uded intn it tbronph an ^ron 
imlter adapted for that pnrpost*. The U-nj^h of linu* ntHX'ssnrv fur the purification of 
hard lead obviously depends on the native and amount of the jnipurit:t>s which it 
contains; and, consequently, some vanetirs wiU he sutficientlr impr.'\tti at the c*- 
piratioa of twelve hours, whilst in other instances it is ncciMary to rummiu* the 
operation during three or four weeks. The charge of hard lead vanes fr-un tight to 

eleven tuns. . e * 

When the metal is thought to be in a 6t state for tapping, a small jM.rtion lakm oat 
with a ladle, and poured into a mould ustsl for this piir|M>M* is found (*ii cooling to 
assume at the surface a peculiar crystalline appearance, which when once is 

readily again recognised. As soon as this appearance present.s itsell an inm piling »s 
withdrawn from the bottom of the pan, and the lead run off into an iron pan. from 
which it is subsequently laded into moulds. 

The items of cost attending the calcination of one ton of hard Spanish lead m the 
north of England are about as follows ; — 


Wages 

Coals, 2*7 cwt - 
Repairs, &c. 


1 112 
0 47 
0 0-5 


2 4’4 

The construction of a fumaco of this description requires .'ioOO common bricks 
3,500 fire-bricks, and 2 tons of fire clay. . 

jFiffs, 1092 and 1093 represent an elevation and vertical section of the calcining 
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furnace. A is the fire-flace ; b, ash-pit; c, fire-bridge ; d, cast iron pan ; e, fine ; f f f, 
channels for allowing the escape of moisture ; o, one of the working doors : h, spout for 

running off calcined metal, 1094 re- 

1094 presents the pan removed from the masonry, 

and shows a groove in the lip for the intro- 
duction of a sheet iron dam, tightened with 
moistened hone-ash for keeping In the fused 
metaL 

In the more modern furnaces of this de- 
scription, ^he corners are usually roum^ 
to prevent breakage from expa^.Jbn, whilst 
the tapping is effected by means of a hole 
Mirough the bottom near one of the sides. 
This, when closed, is stopped by means of 
an iron plug kept in its place by a weighted 
lever. ^ 

Concentration of the silver. — This process is founded on the circumstance first 
noticed in the jear 1829, by the late 11. L. Pattiuson of Newcastle-on-Tyne, that 
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whet lead coiitainin^r siher is melted in a suitable vessel, afterward* slowly allowed 
ti. cool. an<l at tl)e sanu* time kept constantly stirred, at a certain leniperaiure near the 
iiultin*: p.) ni of K-.ul. iuolalhc crystals hej^n to fomi. These as rapidly as they are 
prodtutd '‘ink tv» the lx.ttom. and’on Ijemg removed are found to contain much less 
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silver than tie- l-Md oriirmally ojierated 
on. Tlu- '•nil tliud pornon, from which 
the o^^‘>Tals ha\«.- Ix-t-n removed, will 
at the same time be proportionally en- 
ruhed 

Thi'« ojx?ration is conducted in a so- 
ri‘ S of V- or 10 cast iron |M>ts. set in a 
row, with hreplaces beneath, Th(*«e 
are each capable of containinfi ulnnit 
r. tons of calcined lead; and on torn- 
encitij; an optr.itmn that *piantit\ of 
im t.il, eoiitaimnjr « i \m 11 siipj».‘ie 20 oz. 
of «-ilver per ton, !*• nitro<iuc«*d into a pot 
(-a\ F, /w 1') i.j ) about the centre of the 
sorus. 'J'his when melted, is carefully 
skimnn-d with a pi'rforated ladle, and 
the fire immediately withdrawn. The 
^tHiling of the metal is also frequently 
hastened by throwing water ujHin its 
surface, and whilst ccmling it is kept 
ronstaiitlj agitated by means of a long 
iron stirrer <'r slice. (Tystals soon 
Ix'pm to make tiieir appearance, and 
tlu'se as they acciimiil-ite aiiil fall (olho 
bottom are n-mmed hv nn ans of a 
large pertoiateil hi'lle, in wlueli they 
are well sli.iken nnvl afterwards car- 
ried 0^1 r to (he next pot to the loft of 
the workman. I'his ojieration poi*son 
C<'ntimia!iy until about 4 tons ofcr\a- 
tals have been taken out of the pot f, 
and have been placed in pot i>, at 
which time the pot F, may cont.iin about 
40 oz. of silver to the ton, wliilst that 
in K. will only jicld 10 oz. The rich 
lead in f, is then laded into the next 
pot «, to the right of the workman, and 
the operation repeated in F, on a fresh 
quantity of calcined lead. 

In this way calcined lead is con- 
stantly introduced, and the resulting 
poor lead ]^asscs continually to the left 
of the workman, whilst the rich is 
pa'^sing towards his right. Each pot 
in succession, when filled with lead of 
its proper produce for silver, is in its 
tuni crystallised, the poor lead passing 
to the left of the workman, and the 
enriched load to lii.s right, lly this 
m€tho<l of treatment it is evident that 
the crystals obtained from the pots to 
the left of the workman must ^adu- 
ally be deprivc^i of their silver, whilst 
the rich lead passing to his right be- 
ci?mes continually richer. The' final 
result is^^hat at one end of the scries, 
the pooi^ead contains very little silver, 
whilst at the other wa exceedin^y rich 
alloy of lead and silver is obtained. 

The poor lead obtained by this pro- 
cess should never contain more than 
12 dwt^ of silver per ton, whilst the rich lead is frequently concentrated to 500 oz. 
to the ton. This rich lead is subsequentiy cupelled in the refining furnace. 

^ C C 4 
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:imiof ofc4»"lLuo„. th. b.lic K.e,...u. ch.IU..i. ,. •„ 

ZtaiDing lead Ufa higlKT temperatur.- than .h.at ni.ah .s 

r i:”.'.- ‘.:; .ha.,; ...; Wad 

is crystallised obtains this appcllalmn. r , . „f Paiunv.n * pots, 

Fiat. 11193 and 1096 rcpresi'nt a plan and deration of a . ,!,e drtil- 

arranged in the most approved way. a is the • njarket \ r' 

3tad isTaded ont.'^ ^ c. t>. E. I, c. n. and t. are the ,.o_rk.ng pots. wbiU. a « . r^. 
T>' e' f' o' h' and I, are their resiiectirc fireplaces. The ‘ teniper-poi.s on .. 

employed for heating the ladles when they hate become too much nduc.d m tem- 

^ TheAt.1097 and 1093, are sections showing the manner of setting and the arrange- 
ment of the pots and flues. A, poll u. itiaiu flue; c, ash pit. 
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s. d. 

"Wages - * - - - • - 9 r>'4 

Coals, 4 Cffts, - - - - - - - 0 8-4 

Repairs - .- -- -- -0 2'o ^ 

C m. ,. — iM 

Total - 10 

The erection of nine six-ton pots rcfiuiiy.s 13,000 ci-mmon bricks, 10,00 1 fire-bricks, 
1 60 feet of quarles, 80 fire-cl.ay blocks, and 5 tons of fire-clay. 

In some establishments ten-ton pots are employed, and where cranes are made use 
of they arc found to be adrantageous.' . 

Refining . — The extraction of the silver contained in the rich lead is condueotd in a 
cnpel forming the bottom of a reverberatory furnace called a refinery. 
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lifthis npcration the litharge produced, instead of bein/i absorbed fcy the substance 
t*f tile cujK'l. IS run olf in a lluid state, by means of a depression called a gate. 

The sue (if the fire*pl:ice varits wjth th# other dimensions of the funiace, but is 
usually nearly Sfjuare, and in an apparatus of ordinary size may be about 2 feet x 2 
feel r, inches. 'I'liis is sejiaraled from the body of the furnace by a fire-bri(3ge 18 
inches in breadth, so that the flame and heated air pass directly over the surface of 
the cuptd, and from (hence escape by means of two separate ap<'nures into the main 
flues of the establishment The cmjh.*! or test consists of an oval iron ring, about 5 
inches in depth, its grt'atest diameter beung 4 feet, and il^ lesser nearly 3 feet This 
frame, in order to better support the tmttoin of the cupel, is provided with cross-bars 
about 4 J inches wide, and one half-inch in thickness- In order to make a test, this 
frame is beaten full of finely-powdered bonc-a’'li. slightlv moistened with water, con- 
taining a small quantity of pearl-ash m solutn'n, which has the property of giving 
consistency to the ciipt l wlu n lu aled. 

'J'h.- Centre of the ti <;(. aft. r th<- ring has been well-filled with this mixture, and 
solulls brat, n down, i’- vi ,u,p, <1 out with a small trowel, until the sides are left 2 inches 
in thickness at tup, and three inches at the bottom, whilst the thickness of the sole 
itself IS ab.mt 1 inch. 

At the fore part or wide end of the tost the thiclAcss of the border is ii^reased to 
six inches, and a hole is then cut through the bottom, which communicates with the 
openings or gates by which the fluid litharge makes its escape. 

The lest, when thus prepared, i.s placed in the refinery furnace, of which it forms 
tne bottom, and is wtnlged to its proper height against an iron ring firmly built into the 
masonry. When this furnace is first lighted, it is necessary to apply the heat very 
gradually, since if the test were t<K> strongly heated before it became perfectly dry, it 
would be liable to crack. As soon as the test has become thoroughly dry, it is 
heat(‘(l to incipient redness, nn<l is m arly filled with the rich lead to be operated on, 
which has been prc\ louvl v fused in an iron pot at the side of the furnace, and beneath 
which IS a small grate mIkto a fin- is lighte«b 

The im Ited b ail flr''t .hiio.IiicmI inli> the furnace, becomes covered with a 

grc> ish dross, lull on lunb. r iiKreaMug the heat, the surface of the bath iincoNors, 
and ordlna^^ litharge Wpiiis to make its appearance. 

The Idast is now- turned on, and forces tlie litharge from the back of the tcM up to 
the brca.st, where it passes over tlic gate, and falls ihr.mgh the aperture between 
the bone-a.sli and the ring into a small cast-iron j-ot running on wheels. The air, 
which is sujiplicd by a snuill ^onti!at<>r, not only sweeps the litharge from the sur- 
face of the lead towards the breast, but aUo supplies the oxygen necessary for its 
formation. 

In proportion as the surface of the lead becomes depressed by its constant oxidation, 
and the continual removal of the resulting litharge, more metal is added from the 
lutdting pot, so as to raise it to its former levtd, ami in this manner the operation is 
continued until the lead in t!ie bottom of the test has become so enriched as to render 
it necessary that it should 1 h‘ tapped. The contents of the test are now so far reduced 
in volume that the whole of the silver contained in the rich lead operated on remains 
in combination with a few hundred weights only of metal, and this is removed by 
carefully drilling a hole in the bone-ash forming the bottom of the test The reason 
for the removal of the rich lead, is to prevent too large an amount of silver from 
being carried olT in the litharge, which is found to be the case when lead containing 
a very large amount of that metal is op"rated on. 

Wlicn the rich lead has been thus removed, the tapping hob is again closed by a 
pellet of bone-ash, and another charge imn^cdiately introduced. 

As soon aji tlie whole of the rich lead has been subjected to cupellation, and has 
become thus further ennohed, the argentifen>u« alloy is itself similarly treated, either 
in a fresh test, or in that employed for the concentration of the rich lead. The 
brightening of pure silver at the moment of the separation of the last traces of lead, 
indicates the precise period at which the operation should be terminated, and the blast 
IS then turned off, and the fire removed from the grate. The silver is now allowed 
to set, and a? soon as it has become hardened, the wedges are removt'd from beneath 
th;>test, which is placed on the ^oor of the establishment. When cold, the silver 
plate is diBu^hcd from the test, and any adhering particles of bone- ash removed by 
the aid of a wipe brush. 

A test furnace of ordinary dimensions squires for its construction about 2,000 
common bricks, 2,000 fire-bricks, and 1^ tons of fire-clay. A furnace of this kind 
^ill work off 4 pigs of lead per hour, and consume 4 cw ts of coal per ton of rich 
lead operated on. 

The <^st of working a ton of rich lead in the neighbourhood of Newcastle, con- 
taining on an average 400 oz. of silver per ton. is as tl Hows . — 
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Refiner's wages 

- 

- 

- 

•1 


Coals, 4 cwt. 

-- 

- 

“ 

- 0 

< *) 

Engine waijos 

• 

- 

- 

I 

7 »> 

Coals, o cwt. 

- 

- 

- 

• o 

V 7 

Pearl-ash 

- 

- 

- 

u 

T •) 

Bone-ash, 17*3 Ihs. 

- 


- 


1 '» 

Repairs - • - 

- 

- 

- 

• o 

'* 1l 

Total • • 

- 


- 

- 

Tir'l 




Titjs. 1099, 1100, and 1101, represent an elevation, plan, and section of a refining 
furnace; a, fireplace; b, ash-pit; c, '^rebridge ; i>, test-ring, shown in its proper 
position; fc, flues; F, point where b]a^t enters ; o, pig-holes.* 

* Pig-holts are uscil for introducing the lead in cases in which it is not laded into the test in a fused 
stat^-. 
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/iVAirmj;.— . The ri<iiK-ii.»n to the nu-taliic Mate of the htharpo fio«i the refiner\', 
the i'<‘i dross, and the iiK-tallic o\.di< from the calcinnip furnace, is efl'ected m 

a re\erb< ra'ors" apparatu''. somewhat reSemi^hnp a smelting furnace, except that its 
ditneiision* are smaili r. and the sole, instead ol Kung lowest iniiiiediateh l>elow the 
middle 'i(v»r, gradual^ slope*- from the fire-bridge to near the flue, where there is a 
depn sMtui m whuh is inserted an iron gutter, which constantly remains open, and from 
which the reduie<l metal flows continuously into an iron pot placed by the side of the 
furnace for its reception, whence it is subsequent!) laded into moulds. 

The litharge, or pot dross, is intimately mixed with a ijuaniiiy of small coal, and is 
charged o'l that part oT the hearth immediately tiefore the tire-bridge. To prevent 
the tu-ed oxide from attacking the l*ottom of the furnace, and also to provide a sort 
of liollow filter for the liquid metal, the sole is co\tre<l b\ a l.iycT of bituminous coaL 

The heat of the furnace <juickh ('a.>« ^ tin j::iii»:on of this stratum, which is rapidly 
redu«‘« d to the state *.f a t .mi. r 'I'Ih- reducing gases present in the furnace, 

aidi d h) th«* e<ial nuvi <1 w uh the < h.irge ii*.elf, cause the reduction of the oxide, which, 
assuimng the m« t.i'i--' form, flows through the interstices of the cinder, and ultimately 
find ng Us w.i) into the d< pn s'-ion at the extremity of the hearth, flows through the 
iron gutter into tlu- exit rnal cast iron pot. The surfiice of the charge is frequently, 
during the process of elal>orauon, tumi*d over with an iron rake, for the d^^uble pur- 
jxise of exposing new surfaces to the acti'Ut of the lumacc, and also to allow the 
reduced lead to flow off more readily. 

.f'resh qiiaotitics of litharge or |>ot-dross, with small coals, are from time to time 
thrown in, in pnip<irtion as that already charged disappears, and at the end of the 
shift. whi('h usually extends over 12 hours, the floor of cinder is broken up, and after 
bei«g mi\id with the residual matters in the furnace is withdrawn. A new floor of 
ciTid» rs IS then intr* elud'd, and the o|M ration c<mimcncod as before. A furnace Of 
tilts kind, ba\ing a sole x fc< t in Ungtli and 7 feet m width, will aflTord, from litharge, 
ab<mt tons <il lead in *J4 leuirs. 

'I he dross from the c.ileimng pan. when treated in .a furnace of this description, 
shouM he preMoii'.h r< duced to a '■tate of fine divi'-um. and intimately mixed upwith 
•mall coal ami a srxl.i-ash. In man\ cas«-s, however, tlu* cnUincd dross is treated in 
the simdtirig furnace, 'I'hc hard lead <»htn*ned from this substance is again taken to 
the (alcinitig furnace, for the purpose «*f Itciiii: softened. 

The expense of reducing one ton of litharge may be estimated as follows: — 

«. d 

- 2 C‘0 

- 0 5’2 

- 0 1*6 


Total - - -3 0-8 

In the establishment from which the foregoing data were obtained, the cost of slack, 
delivered at the works, was only 2s. \\d. per ton, which is cheaper than fuel can be 
obtained in the majority of the lead-mills of this country. In North Wales the cost 
of small coal vs generally about 4s., and at Bristol 5s, 6d per ton. 
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Waires - 
Coals (3 cwis.) 
Repairs 



The total cost of elaborating one ton of hard lead, containing 30 o*. of silver per 
ton, in a locality in which fuel is obtained at the low price above <)uolcd, is nearly as 
follows : — 


£ «. il. 


Calcining ...... 

w 0 

2 

4 t 

CrjstaUisiog 

- 0 

1) 

ft :» 

Refining . . s . . . . 

• 0 

0 

y 2 

Redacing — pot drom and lithaige 

• 0 

1 

0-8 

Calcined drou ...... 

- 0 

0 

8-0 

Si&gs ••••••«, 

- 0 

0 

6-0 

BoDe^ashy &c. 

• 0 

0 

7-0 

Transport, &c. 

- 0 

1 

1-0 

Management, taxes, and interest of plant - 

- 0 

5 

lO'O 


Total - - - 1 2 .". '.I 

One hundred tons of hard lead treated gave : — 

T.'n< 

Soft lead - - - - - - - - 94 DO 

Black dross 3-70 

Loss - - - - - - - - - 1-38 


Total .... loo-on 

On comparing the expense of each operation, as given in the foregoing abstract, 
with the amounts stated as the cost of each separate proce.ss, they will be found to 
be widely different; but it must be remembered that the whole of the substances 
elaborated are far from being subjected to the various treatments described. 

In order therefore to give an idea of the relative proportions which are passed 
through the several departments, I may state that in an estahlishincnt in which the 
ores are treated in the Castilian furnace the followiCg were the results obtained ; — 

One-hundred parts of raw ore yield ; — 

Roasted ore - - - - - - -8.5 

Hard lead -----...42 

Soft „ - - - 3 f. 

Rich - -9 

Dross and litharge re-treated - - ,. - 

The importance of this branch of %ir metallnrgie industry will be gathered from 
the following tabular statements, chiefly derived from Mr. Hunt’s valualCe statis- 
tics : — 
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* Table I. • 

Sfintrinq the Qii/intity (if hfad Ore raised and smelted, average Metallic Yield of Ore 
per Cent., and Jiatin tf I^ad preduced i!t various Parts of the United Kingdom 
during Ten Ytars ending 1857. 



KttcUnd 


IfcUnd, 

Scotland. 

lal* of .Man. 

Total. 

V fin. 

Ir„J 
' *ir 

Lr*d. 

l»rT. 

hna. 

l.fAd 

nr*. 

I^rad. 

<Ne. 

.Lead 

lead 

nrc. 

Ix‘ad 

licad 

Ore. 

Lead. 


7 oms. 

Tons 

T(HU 

Tv"t» 

Tirnt 

r.fu 

Ti-nr 

Tcml 

Tons 

Tirres 

Tims 

Toni. 

- 

''4,s:w 

ai*.»42 


11,122 

1 1'I2 

1.1 

2 Vks 

iJ.M'. 

2.‘t »1 

1 .t.f.5 

77.H64 

M.8S3 

1*440 - 

fsf\\2A 

41, IGA 

r*.7M 

13 3h»» 

2,7 VI 


l,4fl 


•i.H'jfi 

l..S3“i 

86,H21 

58 702 

KMJ . 


44,4*i'2 


u.**:*; 

•> H'l’S 

I.TIG 

3.U7 

2.124 

2.1 7.S 

1.21*- 

92,H45 

G4.426 

. 

04 Kri 

4*>.Ui.1 

r‘.3i4 

14 “H 



3 113 

2 14(1 

2,V.O 

1 ,402 

92,311 

65.2K7 

IH.S2 . 

C7.41I 

4'^.«13 

I". 17'* 

1 1 Tilt 

4 i'tl 

3 2 -' 2 

3.499 

2,3-1 

2,41.') 

1 S3.^ 

91,197 

64,959 

\*\i . 

V.t.l4i 

41 H'.7 

IT l.ll 

U.^Tn 

.! Iti** 

2.4 Vi' 2.7'.*9 

1.919 

2.4GO 

1.829 

8V^1 

GD.967 

- 


41 

iH.l (1 

n.M.T 

3 

2.2UI 

1 ,7M 

1,279 

a.HTO 

2.137 

90..'M8 

63.979 

IKVt - 

Ir'i ‘-'T'l 

4< ‘.^tl 

1 

1.U.73 

2 40'^ 

1,732' l.W 

1,139 

3.S73 

2.725 

92.041 

Gs.-sas 

1‘iVl - 

Tt.l" ' 



14,791 

2.4^4 

1 (}(U 

1.931 

.,tl7 

Vila 

2.451 

101,997 

73.129 

lh67 - 

h'n ,.»(! 

4’'.3’>'. 

2 1.4 '>5 

1G.I21 

2:ryj 

1.411? 

1.891 

1.331 

2.GMT 

2.028 

96,821 

96,206 



44h,(i3U 

1S!I,5'.'7 

13M.7J3 

2S.S77 

,041 

23«lt9 

10,4'VJ 27,204 

18,825 
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C41.101 
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706 

Ratio nf !<‘»d 













protliifotl - 

Gy 9 
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Table II. 

Estimated Value of Lead and Silver consumed in Great liritain, 1857. 
lA'atl anil silver iirixlured in the UniU'd Kingdom - - - £’1,670..353 


Silver im|>orted, 84('i,.5G'.) oz. - 

I.ead ezported . . . 

„ imported . . . 

Balance of exports 

Value consomed 


22,397 tons. 
12,768 „ 

23:>,806 

1,903,159 

9,G29 - 

211,838 

• 

- £1,691,321 


Table III. 


Silver produced from Ores raised in Great Britain during Four Years ending 1837. 



19M. 

is^s. 

1856. 

IJ-ST. 

England ... - 

Wales - - - - - 

Ireland - - - . 

Scotland - - - - 

Isle of Man - - - - 

Oz. 

419,824 

C7.051 

18,096 

5,426 

.52,2ie2 

Oz. 

439,983 

57,521 

7,252 

4,947 

51, .597 

Oz. 

481,909 

62,357 

3.700 

5,2S9 

’60.3S2 

Oi. 

417,343 

5S.097 

3.071 

4,206 

48,016 

Total - . - 

.562,659 

561,300 

613,637 

530,733 

Value at 5s. dd. per 02 . - 

i:i 54.730 

154,357 

158,750 

146,501 


Market value of lead produced the United Kingdom in 1857 - £1,523,852 

Ditto of sil-'er 146,501 


. 1,670,353 

It may be remarked that for the treatment of ores of good produce the reverbera- 
tory fumaee and Scotch hearth fl'e to be preferred, but for working minerals of a 
low percentage the blast furnace may generally be substituted with advantage. 
The slag hearth, from the amount of fuel consumed and loss experienced, is a somewhat 
expensive apparatus, and might in many cases Be advantageously exchanged for the 
Castilian^urnace. 

It is well known that the losses which take place in this branch of metallurgy are. 
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LEAD ORES^ A>SSAY OF. 

from the volatility of the metal operati'd on, uniiiJiially larfre. In e*t^)lL«ih- 

ments, however, in which due attciiti’in i» paid ti» riuxo and a prujH r adn.ixinre of 
ores, as well as the condon^utj.'ii ot'tli** 1 ‘^iits, a ^rrtMt ••coiunny la • thotc d 

In some instances flues of above five imb*s in haw N<’n c<>n**iriu lid. and the 

most satisfactory resuhs obtained. The aiumion of lead Miudters is U uu .hniy more 
directed to the prevention of the loss of imtal by \i*laiihsaiu)n, and thi.se who lave 
adopted the use of long flues have been, in all cas4 s, «|i»u L! y n pa.d for tlo ir oiuUy. 

As an example of the g^at extent to which subhiiiation may take pl.u e on th'- scale 
employed in large smelting works, we may mention th-“ hud works K [ongmg to 
Mr. ^anmonC in XorthuinbeHamL Korrnvrly the i • snn>kf Irom 

various smelting, operations esca|>ed from ordinary chimn- \ s or sh -rt gnlh ru s. and 
large quantities of lead were thus carried <.ff iii the state of vap^jur. and d« [• d on 
the surrounding land, where vegetation was destroy ed, and the hcnldi of both men 
and other animals seriously affected. This led to various extensions of tin* hori- 
zontal or slightly inclined galleries now in use, and the quantity of lead » xtr.irt< d 
rapidly repaid the cost of construction. The latest addition of this kind wao made 
at Alien Mill, by Mr. Sopwilh, the manager, and completed a length of yard-* 

(nearly five miles) of stone gallery from that mill alone, 'riiis gallery is •» tV. t 
high and § wide, and is in two df^'isions widely separated. There are b1>o »p».U‘!s 
of 4 miles of gallery for the same purpose connectc'i with f)ther inilU bidonging t* Mr. 
Beanmont in the same district, and in Durham; and we h.irn from Mr. .Sopn.th, 
that further extensions are contemplated. The value of the lead thu-. ‘•ived fr*<ra 
being totally dissipated and dispersed, and obtained fiom what in cninm.iii p, trance 
might be called chimney sweepings, considerably exceeds l*Vniu/. steriinir annually, 
and forms a striking illustration of the importance of economising our waste proilucts. 

In lien of long and extensive flues, condensers of various descnptmns hav»’ from 
time to time been introduced, but in most instances the former have been found to be 
more efficient 

When, however, water can be procured for the purpose of cooling the condensers 
excellent results are generally obtained. — J. A. P. 

See Litharge, Minium, or Ihd LeatU Solpkh, Suoar or AcclaU or Leap, T\pk 
Metal, and White Leap. 

LEAD ORES, ASSAY OF. The ores of lead may be divided into two r!a‘'.*.e*:. 

The jint doss comprehends all the ores of lead winch contain neither sulphur 
nor arsenic, or in which they are present in small proportion only. 

The second class comprises galena, together with'all lead ores coataining sulphur, 
arsenic, or their acids. 

From the facility with which this metal is volatilised when strongly heated, it is 
necessary to conduct the assay of its ores at a moderate temperature. 

A common wind furnace is best adapted for making lead assays. For this purpose 
the cavity fur the reception of fuel should be if inche.s .square, and the height of the 
flue-way from the fire-bars about 14 inches. For ordinary ores a furnace 8 inches 
square and 12 inches deep will he found sufficient; hut as it is ca'sy to n-gulao*. by a 
damper, the heat of the larger apparatus, it is often found advantageous to In.- able to 
produce a high temperature. 

A furnace of this kind should be connected with a chimney of at least twenty feet 
in height, and be supplied with good coke, broken into pieces of the size <»f egg«. 

Ores op the First Cl.\ss. — The assay of ores of tliis class is a simple opera- 
tion, care being only required that a sufficient amount of carbonaceous matter be 
added to effect the redaction of the metal, whilst such flu.xes are supplied as will afford 
a readily-fusible slag. ^ 

When the sample has been properly reduced in size, 400 grains are weighed out 
and well mixed with 600 grains of carbonate of soda, and from 40 to 60 grains of 
finely -powdered charcoal, according to the richness of the mineral operated on. 

This is introduced into an earthen crucible, of such a size as not to be more than 
one-half filled by the mixture, and on the top is placed a tliin layiT of common salt. 
The crucible is then placed in the furnace and genCly heated, care being taken to so 
moderate the temperature, that the mixture of ore and flux, which begins to 

soften and enter into ebullition, may not swell up flow over. If the action in^^ha 
crucible becomes too strong, it must he checked by removal from the^e, or by a 
due regulation of the heat by means of a damper. AVhen the action hasimosided, the 
temperature is again raised for a few’ iniuutes, and tlie assay completed. During the 
process of reduction, the heat should not exceed dull re<lness ; but in order to com- 
plete the operation, and render the slag sufficiently lirpiid, the temperature should be 
raised to bngiit redness. *■ 

When the contents have been reduced to a state of tranquil fusion, tharcrucible 
must be removed from the fire and the as.say either rapidly poured, or, after being 
tapped agaiust some bard body to collect the lead in a singly globule, be set to cool. 
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^Vbc^f iIk* op«^rat‘um Ims hixn «iu'ccssfuily conducted, the cooled sla^ >»‘iU present a 
smooth eutirave surfUeo. w.th a \itre<ius lustre. When cold the crucible may be 
broken, and i)u- bijJioii i .\T,n’!i-d T«» ren>g\e from it the j>articles of adhering slag, 

it IS h.ininu-r« d on an anvil, and afl^rwardfi ruhlied with a hard brush. 

InMeail of einploiiiig tarlK>«ateof soda and powdered charcoal, the ore ma^' be 
fusi“d with Ij tiiiivs ii!» weight of black flux, and the mixture covered by a thin layer 
of borax. 

(iixxl n*suU5 are al^i ohlaint*d by mixing together 4ihi grains of ore with an equal 
height ot larhouati' of siwia and half that quantity of crude t.artar. These ingredients, 
after Ix ing well incorj^rated, are placed m a crucible, and slightly covered by a layer 
of borax. 

Jiach of the foretrojDg methods } lelds good results, and affords slags retaining but a 
Small projtortioii ot l.-.id. 

( iHK-i Ot TM»; Sk< o\ h ('I.*®-*. — This cla«s compreliends galena, which is the most 
coniuion and ahundant ore of lead, and also comprises sundry metallurgic products, as 
Well us tile snlp'.iates, piiosphau s. and arseniates of lead. 

(i<i!enit. — 'Flu assay of this ore is variously conducted ; but one of the following 
metiuHls IS uMially tmphiyt»d for commercial purposes. 

fusion u lOi <j;i olhtilmc Jinx. — This operation is'Jonducled in an earthen crucible 
which I** to be kept uncovered until its c<mtents are reduced to a state of perfect fusion. 

The powdered on*, after being mixed with three tunes its weight of carbonate of 
S(^^^a and 10 per cent, of finely puUerised charcoal, is slowly heated in an ordinary 
a«>sa> furnace until the mixture has become perfectly hqu d, when the pot is removed 
from the fin*, and, after liaving been gently tapped, to colU'Ct any globules of metal 
lu'ld in vn^ipi n^ion in the slag, is put a<ide tocooj. When sufficiently cold, the crucible 
is hrokfii. and a button of imtaUic K-ad will be found at the bottom : this must be 
cliMnse«l and w* iglu d. 

In place of carbonate of soda. p< arla'*h may bo employed, or the fusion may be 
effected witli blai k lliix ahme, \Mii‘n the la^t-named substance is used a somewhat 
longer time is n. i • fur the complete fusion of tlie as'ay. Kach 100 parts of 
pure galena will by thi^ nutliod afford from 74 to 70 parts of load. 

Some of the old as^avers were in the habit of fir<t dri% ing ('ff the sulphur by roasting, 
and afterwards reducing tlic resulting oxide wah alxmt us own weight of Idaek Ilux. 

Tins methiMi, from the great fusibility of the comj'oumls of lead, requires very 
car«‘ful luan.urcincnt, and at best the results obtained are uiiis.msiaciory. Pure galena 
by this lUfthod can rarely Ik* made to yield more than 70 per cent, of lead. 

FuMon tnth tiu'tiillK' imn. — Mix the ore to be assayed with twice its weight of 
carbonate of soda, and, after having placed it in an earthen crucible, of which it should 
occupy about one half the capacity, insert with their heads downward three or four 
tenpenny nails, and press the mixture firmly around them. On the top place a thin 
layer of borax, which should be again covered with a little common salt. The whole 
is now introduced into the furnace and gradually heated to redness ; at the expiration 
of ten minutes the temperature is increased to bright redness, when the fiuxes will be 
fused and present a perfectly smooth surface. When this has taken place, the pot is 
removed from the hre, and the nails are separately withdrawn by the use of a small 
pair of tong*-, care being taken to well cleanse each in the fluid slag until free from 
adhering Uad. M'hen the nails have been thus removed, the pot is gently shaken, to 
collect the met.al into one button, and laid aside to cool; after which it may be broken, 
and the button removed. 

Instead of first allowing the slags to cool and then breaking fhe crucible, the assay 
may, if preferred, after the withdrawal of ?he nails, be poured into a mould. 

A^sa^ in an imn pot — Instead of adding metallic iron to the mixture of ore Emd 
flux, it is gcnerallj better that the pot itself should be made of that metah 

For this purpose, a piece of half-inch plate*iron is turned up in the form of a cru- 
cible and carefully welded at the edges. The bottom is closed by a thick iron rivet, 
which is securely welded to the ^ides, and the whole then finished on a properly 
formed mandril. To make an assay in a crucible of this kind, it is first heated to 
dull redness, and, when sufficiently hot, the powdered ore, intimately mixed witli its 
owi^oweight of carbonate of soda.^alf its weight of pcarlash, and a quarter of its 
weight of ii^de tartar, is introduced by means of a copper scoop. On the top of the 
whole is placed a thin layer of borax, whilst the crucible, which, for the ready intro- 
duction of the mixture, has bee^ reraove^from the fire, is at once replaced. The 
heat is now raised to redness, the contents gradually becoming liquid and giving off 
large quantities of gas. At the expiration of f^m eight to ten minutes the mixture 
will be in a state of complete fusion ; the pot is now partially removed from the fire, 
and its contents briskly stirred with a small iron rod. Any matter adhering to its 
sides is also scraped to the bottom of the pot, which after being again placed in a hot 
part of the furnace is hested during three or four minutes to bright redness. 
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The crucibl^is then sciietl by a stroni? pair of lient tonjrv on that part of thf 
• which is Opposite the lip, and us contents rapidly pourt^l into a caf*t zr--n mould. 
The side* of the pot arc now can fully sora|>*d down with a chi-v iMdir** bar of iron, 
and the adhering parlicU^s of metallic lead added to the (M*rtion first olcaimd. ben 
saffieieotly cooled the contents of th«* inou’d are reinovi*d, and th«- button of 

lead cleaned and weighed. By this priH'eN-. pure gal« ii.i jirids H4 |Krc« ni of metallic 
lead, free from any injurious amount t»f iron, and jK-rfeeily ductile and m.rlb able. 

This method oHassaying is that adopu*d in altin>«*t nil lead-smelting • st.ibudmicnt8, 
and has the advantage of aditrdiiig g»K)d results with all the ort-s Ulon,;.ng to the 
second class. 

Assay in the iron dish.— In some of the mining distneU of Walis, the a^iay of 
lead ore is conducted in a manner somewhat dilTermt to that ju%l dest riVd. Instead 
of fusing the ore in an iron crucible with carbonate of imkIo, pearlash. tartar and 
. borax, the fusion is clTectcd in a flat iron dish, without the admixture of any sort <'f 
flux. — J. A. B. 


N^umher of Lead Mtnes, i)>tnntttie^, and tntal Value of Ore raUed and of me! illn- l^ td 
protlured iherefrom^ in euh (^nnnti/ in flti(j('in.l^ Scotlund^and Ireland, i« latk 
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)T. (n*>mh tie Cfiattt:, Fr. ; Schtot, Flint^Mschrot^ GenH ) The origin 
of rno'.t of ilu* nnjH rr*‘ciM.ns in the manufacture of Irad sbot is the loo rapid cooling 
of the spht-ruli !- tlu jr 1 m n>e drop|M‘d too«hot into ihe ualer, wlu reby ilicir surfaces 
form a s-d.d crust, >»hiU* tlie;r interior remains Huid, and in its subsequent concretions, 
slirink«L so as to produce the irregularities of the shot 

The patent shot to’Aers «iriginally constructed in F.ngland obviate this evil bv ex- 
posing the fuvd spherules after they pass through the cullender^o a large body of 
air during thejr descent into the water tub placed on the ground, xhe highest erec- 
tion of this kind \s probably at Villach in Canutbia, being 240 Vienna, or 249 Enghsh 
feet high. * 

The quantity of arsenic addl'd to the mass of melUnl lead varies according to the 
quality <if this metal ; the harder and le-s ductile the lead is, the more arsenic must 
be jddid. About Jt pounds of either white arsenic or orpiment is enough for one 
thousand parts «if soft lead, »n«l alnmt 8 for the coarser kinds. The latter are em- 
ployi*d preferaVdj for sh«d, as tin y are cheaper and answer sufficiently welL The 
arsenical alloy is niad*‘ eiOicr b\ iutrolucing some of this substance at each melting ; 
or hy making a quantit) of the compound considerably stronger at once, and adding 
a cert.iin |v»rtion of this to each charge of lead. the particles of the shot appear 
lens shaped, it is a proof that the proportion of arsenic has been too great ; but 
if t)ic\ arc flattened upon one side, if they are hollowed in their middle, called 
ctipfnn^ by the workmen, or drag with a tail behind them, the proportion of arsenic is 
tow small* 

7*hc following it the process prescribed by the patentees, Ackerman and Martin. 
Melt a ton nf soft lead, and sprinkle round its sides in the iron pot about two shovel- 
fuls of wood ashes, taking care to leave the centre clear ; then put into the middle 
about 40 pimnd" of arsenic to form a rich alloy with the lead. Cover the pot with 
an iron lid, and lute the joints quickly with loam or mortar to conhne the atsenical 
vapours, keeping up a moderate fire to maintain the mixture fluid for three or four 
hours. Rft< r which sKun iMrefudy, and nin the alloy into moulds to form ingots or pigs. 
The r<‘mp'>!»ition thus made is to he put in (he proportion of one pig or ingot into loOO 
pounds «.f melted oMmary load. When the whole is well combined, take a perforated 
skimmer, and lei a few drops of it fill from some height into a tub of water. If they 
do not appear globular, some more arsenical alloy must be added. 

I*f<‘ad which contains a good deal of pewter or tin must be rejected, because it tends 
lo produce elongated drops or tails. 

From two to three tons are usually melted at once in the large establishments. The 
surface of the lead gets covered with a crust of oxide of a white spongy nature, some- 
times culled cream by the workmen, which is of use to coat over the bottom of the cul- 
lender. because without such a bed the heavy melted lead would run too rapidly through 
the holes for the granulating process, and would form oblong spheroids. The mount- 
ing of this filter, or lining of the coliender, is reckoned to be a nice operation by the 
Workmen, and is regarded usually as a valuable secret. 

The cullenders are hollow beniispheres of sheet iron, about 10 inches in diameter, 
perforated with holes, which should be perfectly round and free from burs. These 
must 1 e of an uniform size in each cullgnder ; but of course a series of different cul- 
lenders with s'^’rted holes for every different size of lead-shot must be prepared. The 
holes have nearly the following diameters for the annexed numbers of shot. 


No. 0. 
1 . 
2 . 
.* 1 . 

4 . 


of an inch. 



17 '» 

♦» 


From No. 5. to No. 9. the diameter decreases by regular gradations, the latter being 
of an inch. 

The operation is always carriodwn with three cullenders at a time ; which are sup- 
ported upon pw>jecting.gratef of a kind of chafing dish made of sheet iron somewhat 
like^tnangle. This chafing dish should be plac^ immediately above the fall; while 
at its nottonuhere must be a tub halt filled with water for receiving the granulated h ad. 
The cullemi™ are not in contact, but must be parted by burning charcoal in order to 
keep the lead constantly at the proper tempcijiture, and to prevent its solidifying in the 
filter. The temperature of the lead bath should vary with the size of the shot ; for the 
largest, it should be such that a bit of straw plunged into it will be scarcely browned, 
but for all it should be nicely regulated. The bright from which the particles should 
he let faU^varies likewise with the size of the shot; as the congelation is the more 
rapid, the smaller they are. With a fall of 33 yards or 100 feet, from No. 4 to No. 9 
way be made : but for larger sixes, 150 feet of height will be required. 

VoL. II. X X 
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Everything ining arranged as above described, the -workman puts the filterntuff 
into the cullender, pressing it well against the sides. He next pours lead into it with 
an iron ladle, hut not in too great quantity at a time, lest it should run through too 
fast. The shot thereby formed and found in the tub are not all equal. 

The centre of the cullender being less hot affords larger shot than the sides, which 
are constantly surrounded with burning charcoal. Occasionally, also, the three cul- 
lenders employed ^ether may have holes of different sizes, in which case the tub 
may contain shot or very various magnitudes. These are separated from each other 
by square sieves of different fineness, 10 inches broad and 16 inches long, their bottoms 
being of sheet iron pierced with holes of the same diameters as fSose of the cullenders. 
These sieves are suspended by means of two bands above boxes for receiving the 
shot ; one sieve being usually set above another in consecutive numbers, for instance, 
1 and 2. The shot being put into the upper sieve. No. 0 will remain in it ; No. 1 will 
remain in the lower sieve, and No. 2 will, with all the others, pass through it into the 
chest below. It is obvious that by substituting sieves of successive fineness, shot of 
any dimensions may be sorted. 

In the preceding process the shot has been sorted to size ; it must next be sorted to 
form, soas to separate all the sp^roids which are not truly round, or are defective in 
any respect. Eor this purpose a board is made use of about 27 inches long and 16 
broad, fnmished partially with upright ledges ; upon this tray a handful or two of the 
shot to he sorted being laid, it is inclined very slightly, and gently shaken in the hori- 
zontal direction, when the globular particles run down by one edge, into a chest §et 
to receive them, while those of irregular forms remain on the sides of the tray, and 
are reserved to be re-melted. 

After being sorted in this way, the shot requires still to he smoothed and polished 
bright. This object is effected by patting it into a small octagonal cask, through a 
door in its side, taming upon a horizontal iron axis, with rests in plnmmer boxes at its 
ends, and is made to revolve by any mechanical power. A certain quantity of plumbago 
or black lead is pat in along with the shot. 

LEAD, CARBONATE OP. See White Lead. 

LEAD, NITRATE OF {Nitrate de phmb, Fr.; Salpetersaurei Mciowyd, Germ.), 
is made by saturating somewhat dilute nitric acid with oxide of lead (litharge), eva- 
porating .the neutral solution till a pellicle appears, and then expo.sing it in a hot 
chamber till it he converted in» crystals, which are sometimes transparent, but gene- 
rally opaque white octahedrons. Their spec. grav. is 4-068 they have a cooling, 
sweetish, pungent taste. They dissolve in 7 parts of ctfid, and in much less boiling 
water ; they fuse at a moderate elevation of temperatnre, emit oxygen gas and pass 
into oxide of lead. Their constituents are 67-3 oxide and 32 7 acid. Nitrate of lead 
is much employed in the chrome yellow style of Calico-printing; which see. 

There are three other compounds of nitric acid and lead oxide ; viz. the hl-baslc, 
the tri-basic, and the se-basic ; which contain respectively 2, 3, and C atoms of base to 
1 of acid, 

LEAD, OXICHLORIDE OF. A white pigment patented by Mi*. Hugh Lee Pat- 
tinson of Newcastle, which he prepares by precipitating a solution of chloride of lead 
in hot water with pure lime water, in equal measures ; the mixture being made with 
agitation. As the operation of mixing the lime water, and the solution of chloride of 
lead, requires to be performed in an instantaneous manner, the patentee prefei*s to 
employ for this purpose two tumbling boxes of about 16 feet cubic capacity, which 
are charged with the two liquids, and simultaneously upset into a cistern in which 
oxichloride of lead idinstantaneously forgied. and from which the mixture flows into 
other cisterns, where the oxichloride subsides. This white pigment consists of one 
atom of chloride^ of lead and one atom oxide of lead, with or without an atom of water, 
LEAD, SALTS OF. The salts of lead, beyond those already named, which enter 
into any of our manufactures, are few and unimportant. Ure'a Dictionary of Che- 
mistry should be consulted for them. 

c » Leder^ Germ.; Xeer, jJ)utch j D<zder^ Danish; LaileTf 

Swedish ; Cuojo, Italian ; Caero, Spanish ; Kusha, Russian.) This gpbstance con- 
^sts of the skins of animals chemically changed by the process called tanning. 
Throughout the civilised world, and from the most ancient times this snbstanCff has 
been employed by man for a variety of purposes. Barbarous and sa^^ trtbes use 
the skm of beasts as skins; civilised man renders the same substance unalterable by 
the external agents which tend to deeouipose it in its natural state, and by a variety 
of peculiar manipulations prepares it for almost innumerable applications. 

Although the preparation of this-valuable substance in a rude manner has been 
known from the most ancient times, it was not until the end of the last, ^d the be- 
ginning of the present century (1800) that it began to be manufactured upon right 
principles, in consequence of the researches of jMaebride, Deyeux, Seguin, and Davy. 
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SMns may be converted into leather either with or without their ihair; generally, 
however, the hair is removed. • 

The most important and costly kinds arwcomprised under sole leather and upper 
leather, to which may be added harness leather, belts used in machinery, leather 
hose, &o., but as far as the tanner is concerned, these are comprehended almost en- 
tirely in the kinds known as upper leather. 

The active principle by which the skins of animals are prevented from putrefying, 
and at the same time, under some modes of preparation, rendered comparatively im- 
pervious to water, is called tannin, or tannic acid, a property found in the bark of the 
various species of QiSrcus, but especially plentiful in the gall-nut. When obtained 
pure, as it may easily be from the gall-nut, by chemical means, tannic acid appears as 
a slightly yellowish, almost a colourless mass, readily soluble in water; it precipitates 
gelatin from solution, forming what has been called tannogelatin. Tannic acid also 
precipitates albumen and starch. There can be little diflScnlty, after knowing the 
chemical combination just alluded to, in understanding the peculiar and striking 
change produced on animal substance in the formation of leather. The bide or skin 
consists principally of gelatin, for which the vegetable astringent tannin has an 
affinity, and the chemical union of these substance in the process of tanning pro- 
duces the useful article of which we are treating. • 

Before entering upon the various processes by which the changes are effected on 
the animal fibre, it may not be uninteresting to speak of some of the principal as- 
tiingents used for the purpose of producing these effects. 

B.irk obtained frotn the oak-tree is the most valuable and the most extensively used 
ingredient in tanning, and for a long time no other substance was used in England 
for the purpose. In consequence of the demand having become very much grealer 
than the supply, and the consequent increase in the price of the article, it became 
necessary to investigate its properties, in order, if possible, to furnish the required 
quantity of tanning matter from other sources. Among other substitutes which 
were tried with some success in other countries may he mentioned heath, myrtle 
leaves, wild laurel leaves, biich tree bark, and (according to the Penny Cyclnpadia) in 
1765 oak sawdust was applied in England, and has since been used in Germany for 
this purpose. 

Investigation proved that the tanning power of oak bark consisted in a peculiar 
astringent property, to which the name of tannin has been given, and this discovery 
suggested that other bodies possessing this property would he suitable substitutes. 

According to Sir H. Davy the following proportions of tannin in the different sub- 
stances mentioned will be found: — “ lbs. of oak bark are equal to 2^ lbs. of galls, 
to 3 lbs. of sumach, to 7^ lbs. of bark of Leicester willow, to 11 lbs. of the bark of the 
^amsh chestnut, to 18 lbs. of elm bark, and to 21 lbs. of common willow bark.” — 
Fenny Cyclopcedia. 

Oak BAitK contains more tannin when cut in spring by four and a half times, 
thaa when cut in winter ; it is also more plentiful in young trees than in old ones. 
About 40,000 tons of oak hark are said to be imported into this country annually, 
from the Netherlands, Germany, and ports iu the Mediterranean. The quantity of 
English oak bark used we have no means of ascertaining. It is prepared for use by 
grinding it to a coarse powder between cast iron cylinders, and laid into the tanpils 
alternately with the skins to he tanned. Sometimes, however, ns will be herealter 
noticed, an infusion of the bark in water is employed with better effect. 

Mimosa. — The bark and pods of several kinds of Prosopis, the astringent properties 
of which have rendered them valuable in<<anning, are known in commerce by this 
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name. The MImosse are a division of the leguminous order of plants, which consists 
of a large number of sjjgcies, the Acacia being the principal. The sensitive plants 
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belong to this division. The proposis is found in India and South America ; the g^ns 
consists both of shrubs and trees. 

Valonia. — The oak which produces tKs acorn is the Qiiercus JEgilops. or great 
prickly cupped oak {figs. IIOJ, 1 105). These are exported from the Jlorea and Le- 
vant ; the husk contains abundance of tannin. 

Catechu, or Terra Japonica, is the inspissated extract of the Acacia catechu. At 
the time the sap is most perfectly formed the bark of the plant is taken off, the tree is 
then felled, and the outer part removed ; the heart of the tree, which is brown, is cut 
into pieces and boiled in water; when sufficiently boiled it is placed in the sun, and, 
subject to various manipulations, gradually dried. It is cut into square pieces, and 
much resembles a mass of earth in appearance ; indeed it was once considered to be 
such, hence the name Terra Japonica, 

"We give Sir H. Davy's analysis ; the first numbers represent Bombay, the second 
Bengal catechu : — 


Tannin ^ 

- 

- 

- 

- 109 - 

- 97 

Extractive 


- 

- 

- 68 - 

- 73 

Mucilage 

- 

- 

- 

- 13 - 

- 16 

Impurities 

“ r “ 

- 

- 

- 10 - 

- 14 


This astringent is also obtained from the Uncaria Gambir. 

DrvTnrvr is a leguminous plant of the genus Ca:salpinia, C. coriaria. The legumes 
of this species are extremely astringent, and contain a very large quantity of tannic 

and gallic acid; they grow ini* 
very peculiar manner, and become 
curiously curled as they arrive to 
perfection. The plant is a native 
of America, between the tropics. 
Tig. 1106. 

Sumach is a plant belonging to 
the genus Rhus; several of the 
species have astringent properties ; 
Thus cotinus and Thus coriaria 
are much used in tanning ; the 
bark of the latter is said to be the 
only ingredient used in Turkey 
for the purpose of converting 
gelatin into leather. That used 
in this countr) is ground to a fine powder, and is extensively applied to the production 
of bright leather, both by tanners and curriers. 

Many other vegetable products have been from time to time proposed, and to some 
extent adopted for the same end, but they need not be enumerated. 

The process first attended to by the tanner is simply to soak the skin or hide in 
water; those from the home market may be said to be washed merely, as they remain 
in water only a few hours; while hides imported from foreign countries, and which 
have been preserved by salting or drying, and especiallg the latter, require soaking for 
a longer period, in order to render them supple, and beating or rubbing materially 
assists in bringing them to the required condition. 

After removing the horns, the softened or recent hides are laid in a heap for a short 
time, after which they are suspended on poles in a close room called a smoke-house, 
heated somewhat above the common temperature by a smouldering fire. In these 
circumstances, a .slight putrefaction sup'tryeues, which loosens the epidermis, and 
renders the hair easily detachable. This method for removing the hair is by no means 
general in this country. The plan adopted is to place the hides in a large vat or 
pit containing milk of lime, in which they must be moved frequeutly, to allow the 
lime to act equally on every part. When the menstruum has taken proper effect, the 
hair is easily removed, and for this purpose the hide is spread out, and a blunt tool 
is worked over the surface. The hair being remo'ftd, the hide is washed in water to 
cleanse it from the lime, which must be most thoroughly effected. • 

The heaviest hides are lor the most part tanned»for sole leather, and as the th^jjner 
parts are cut off previous to their being prepared for sale, they have received^e name of 
butts or backs : the various processes through which these pass will be fira described. 

After removing the hair and washing^the hides sire placed on a convex beam {fis- 
1107), and worked with a concave tool with two handles (fig. 1 108), in order to remove 
any flesh or fatty matter which may adhere to them; this being done they are worked 
on the same beam, on the grain side, to drive out the grease and remove any remaining 
hair. The fleshings are pressed into cakes and sold for making glue, as ann all such 
portions of the bide or skin as cannot he conveniently worked. The hair is sold to 
plasterers, to he used in their mortar ; and the tails, iso fo]; the hair, to sofa-makers 
iind others requiring such malerials. 
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^ch hides as are designed for machinery purposes are next immefsed in a pit con- 
taining water impregnated with sulphuric acid, Hhe acid varying from to of the 
mixture. This, process is ^ llO"^ 

called raising, because it dis- 
tends the pores, and makes 
the fibres swell, so as to be- 
come more susceptible of the 
action of tanning infusions. 

Forty-eight hours in general 
suffice for this opeAtion, but 
more time may be safely taken. 

From the term raising it will 
be concluded that the sub- 
stance of the hide is increased, 
and this is the fact ; hut as 
the gelatine is not increased 
it is said that the shoemaker’s 
hammer would condense the 
leather so much that it would 
lose any supposed advantage 
arising out of this increase in 
^liickness. There is, however, 
a method of augmenting the substance of sole leather called pttjfi^ig, which, when once 
communicateds appears to exist permanently ; the process .is known to a small extent 
onl}, and the material is said to be considerably injured by this mode of preparation. 

^^’hen the hides are sufficiently raised^ they are transferred to a pit supplied with a 
weak infuision of bark ; here they are handled, at first several times a day, that is, they 
are drawn out of the pits, or moved up and down in the liquor, to prevent the grain 
from being drawn into wrinkles. As the ooze, or tanning infusion, takes effect, they 
are put into pits containing stronger liquors, and after a month or six weeks they are 
placed in a pit, in which they are stratified with oak bark, ground by a proper mill 
info 3 coarse powder. The pit is then filled with an infusion of bark. In a month 
or five weeks the tanning and extractive matter of the bark will have intimately 
combined with the animal fibre ; the pit, exhausted of its virtue, must be renewed by 
taking out the spent bark and repeating the dose as in the first instance. The hides, 
which were placed at the top of the pit at first, are now put into the bottom, to equa- 
lise the action. In about three months this also is spent, and the process being 
repeated two or three times more the operation is complete. The hides are now re- 
moved from the pit, and hung up in a shed. In the progress of drying they are com- 
pressed with a steel tool, and afterwards they are subjected to the action of a brass 
roller. The steel tool is called a pin; it is of a triaDgularsh8pe(^y. 1109), with the sides 
scooped out (Jig. 1110), presenting three blunt edges. The butt is thrown across a pole, 
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and the workman taking the pin by the handles a, a (Jig. \ 1 00), presses it forcibly over 
the grain side of the leather; after carefully compressing every part in this way, the 
hutt is laid upon a fiat bed of solid wood-work, V^P^red for the purpose, and the brass 
roller ii^worked backward and forward until every portion is sufficiently compressed 
(Jig. 1 111). The roller a is a cylinder varying from 9 to 1 2 inches in length, and from 
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7 to 10 incites m' diunetcr ; h is an open bo* over the roller, into ohich trcijthU are 
placed to make the necessary pressnr!-, ten or l»cler cwi. beme frr.jiicnily iivd f‘>r 
the purpose ; c. c, forms a fulcrum fur Uftifft the roller fp'tn the bed t<' the leather ; 
H is the handle by which the machine is «orki.<l. When the compression js com- 
pleted, the only thing remaining to be done is properly to dry the leather, and then it 
is fit for the market. 

Some manufacturers place on the bottom of the tan pit fire nr si* inches of spent 
bark, and two or three inchet of fresh hark over it, then a hide, and so alternately 
bark and a hide, until the pit is Dearly fall, resenring a small spps'e at the top for a 
thicker layer of bark, over which weighted boards ar« laid, to condense the whole 
down into the tanning infasino. 

The operation of tanning sole teather by the above method occupies a year or more, 
the time depending on the nature and stoutness of the hide. 

A perfect leather i,s recognised by its section, which should bare a glistening 
marbled ap|>carancc, without any white streak in the middle. 

Crop liiilei are manufactured very much like butts, thst is to say, the* arc pUc.-d 
in milk of lime until the hair is sufficiently baisencd. equality of action bring sceun-d 
by occasionally moving them in tba menstmum : they are then cleared of the hsir and 
other impnrtties by ihvjiaking kn'/i, worked on the conee* In-.am alreadv described, 
they are then freed from lime by thorough washing. Ttir next process is to plunge 
them into a weak ooie, from which they are transferred to other pits with stronger 
oose t all the while they are frequently handled, that is, moved op and down in the 
infusion. After a month or six weeks they arc subjected to a mixture of ground oak 
bark and stronger ooze in other pits, to a series of which they are progressively sub- 
jected during two or three months. 

The hides are next put into large vats called laprrw, in which they are smoothly 
stratified, with more bark and a stronger infusion. After about six weeks they sre 
taken out of these vats, and snhjecteil to a new charge of this material, and allowed 
to lay some two months j this process is repeated once or twice more till the hides 
are thoroughly tanned. They are then slowly dried in the shed, and folded for 
*®*7^*k Although In general the stoutest and most compact hides .are niied a« sole 
leather (notwithstanding that they have not been cendensed by the lann. r. as m the 
CTO of mNs^ jet many are appropriated to other purposes hv the ciirrn r. and the 
lighter cow htte nre maaulhetared Car the upper leather ot stout shoes, water 
boots, &c. 

The prwm of tanning stiiu (u calves, setls, Ac.) nett elsulM attentioa. These 
Sire placed in the lime pita until the hair can be easily renored, a prrwf f trhieh 
roqu res about ten or twelve days ; this being accomplished, they arc next washed in 
water so as completely to remove the lime, as far as washing can secure its r. mov.al, 
and then immersed in a lixivium of pigeon’s dung, dog's dung, r,r matters of a like 
nature ■, in this .state they remain almut ten or twelve days, the stati* of the atmo- 
sphere rendering the process quicker at one time than another j here also they are 
Irequently handled, and worked on both sides on the convex beam. The working, 
joined to the action of the peculiar lixivium, serves to separate the remaining lime,’ 
oil, and glutinous matter, and at the same time to render the skin pdiant, soft, and 
ready to imbibe the tanning principle, h is important that great attention should be 
paid to the process just described, as too short a period would prodtice a hard and 
crisp leather, while a few hours more than is necessary makes the article coarse and 
spimp, both of which conditions should be very carefully guarded against. 

The skins are next Amoved to a pit conteining a weak sohilion of bark, in which 
they undergo nearly the same treatment as trap hides, but they are not commonly 
stratified m the layers. About three months it usually occupied in fanning calfskins, 
hut of course the stouter the skin the more will be the time required. When dried 
they are disposed of to the currier, who dresses them for the upper leathers of biwis, 
shoes, and a variety of other purposes. It is not unusual for the lighter cme hides to 
be treated like calfskins. „ 

Horse hides are also treated like calfskins ; but as the horse hiile, with the exception 
of the part on and near the animal's rump, produceji a thin leather, it is usual, before 
subjecting the hide to the action of the bark, to cut out what is called the l uU, wKieh 
IS tanned separately, and frequently msed as an inferior sole leather. It is also to be 
remarked that horse hides and kipi (the hides of sm^l foreign cattle^ are frequently 
suhjected to a process called bale sharing, in which the stout parts are reduced by a 
earner s knife previous to tanning, the object being to secure the complete infiltration 
of the animal fibre by the tannin in ewery part of the hide in the same time. 

bbeepskin.s are usually pressed after the wool is removed, and before theAunning 
process is cotnmenced, to get rid of the fatty matter contained in them, and which is 
not readily removed by ordinary working. 
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T# all tlie a>»ovo the animal fibres on the surface of she skin absorb 

TT)^><'t readil) thf tatni n » ].r nc ’.'lcs, and iherebt^obstruct, in a certain dejiree. tbeir 
into tin- inti Tu r fibres, cs(>ocUI1t thick hides, i! b»*conies an object of im- 
|»ortRi*ce to c«.n!nve s.nne meth<Kl of overcominp that obstacle, and promoting the 
penetration of the tan The first manufacturer who appears to have employed effica* 
Clou* nuv hanjcal m‘ ans of favouring the chemical action was Francis G. 8pilsburv» 
who in April. 1^23, obtained a patent for the following operation : — After the hid<^ 
nre fn*r«l from the hairs, 9ic. in the usual way, they are minutely faspected as to their 
sotindiu-ss, and if anJL holes be found, the\ are carefully sewed up. so as to be water 
tftrht. Thr<*<’ frames of wood are proTid<*d of eqtnl dimensions, fined to each other, 
with the edce* t»f the fmmcs held together h> screw bolts. A skin about to be tanned 
i* now hud uj«>n the frame, and S!retch<*d oter il.s (“ilges then the second frame is to 
be placed upon it. so that the e<lges of the two frames may pmch the skin all round 
and hold it accurcly; another such skin is then stretched orer the upper surface of the 
s- rond frame, in like m,Tnner, and a third frame being aet upon this, confines the 
second skin. The thrtv frames are then pinched tightly together by a seri^ of screw 
bolts. pa«^s)ng throui;h ears set round their outer edges, which fix the skin in a proper 
manner for Inung operated upon hy the tanning lio^^or. 

A space has beea thus formed l^ween the two skins, into which, when* the fmmes 
are.S4’t upright, the infuaion is introduced hy means of a pipe from the cistern abewe, 
while the air is permitted to escape by a stopcock below. This cock must of coarse 
hc' shut whenerer the bag is filled, but the one above is left open to maintain a 

conimuoicatioti with the ii<]uor cisteni, and to allow the hydrostatic pressure 

to force the liquor through the cutaneous pores by a slow infiltration, and thus 
t<> bring tbe tannin into contact with all the fibres indiscriminately. The action 
of ihi'i pressure is evinced by a constant perspiration on the outer surfaces of the 
skin* 

When the Innning is complet<d. the upper stopcock is closed, and the under is 
op n«d to run olf tb« l.quor. The frames are now remo\ed. the holts are unscrewed, 

an ! flic jnnofn-d Mlgcs ««f the .‘•kins pared olT ; after which they are to bt* dried and 

finish' d in the usual manner. 

A ni<»difiralion of this ingenious and clToctual proccjw was made the subject of a 
patent, by William Drake, of ll<*dmin<icr, tanner, in October. 18.11. Tlie hides. a'Wr 
flic usual prei'arntory prooosse.s, arc immer!*e<i in a weak fan liquor, and by fre<pient 
handling or turning over, receive an incipient tanning before being submitted to the 
infiltration plan, 'fwo hi<ies, as nearly of the same siae and shape as possible, are placed 
grain to grain, when thinr corresponding edges are sewed firmly together all round 
by shoemaker's waxed thread, so as to form a bag sufficiently tight to hold tan liquor. 
This hag must then be suspended by means of Wps sewed to its shoulder end. upon 
pegs, in such a manner that H may ban^ within a wooden-baired rack, and be confined 
laterally into a hook form. About an inch of the bag is left nnsewed at the upper end, 
for the purpose of introducing a funnel through which the cold tan liquor is poured 
into the bag till it be full. AAer a certain interyal, which varies with the quality of 
the hides, the outer surface becomes moist, and drops begin to form at the l^ttom of 
the bag. These are received in a proper vessel, and when they accumulate sufficiently 
may b<’ poured back i ito the funnel ; the bag being thus, as well as by a fresh supply 
from above, kept constantly distended. 

When the hides are observed to feel hard and firm, while every part of them feels 
equally damp, the air of the tanning apartment, having been always well ventilated, is 
now to be heated hy proper means to a tamperature gradualty increasing from 70® 
to 150® of Fahrenheit’s scale. This heat is to be maintained till the hides become 
firmer and harder in all parts. M'hen they begin to assume a black appearance in some 
parts, and when the tan liquor undergoes little diminution, the hides may be considered 
to be tanned, and the bag may be emptied by cutting n few stitches at its bottom. 
The outer edges being pared off, the hides are to be finished in the usual way. Daring 
their suspension within the racHs, the hides should be shifted a little sideways, to 
prevent the '^rmation of furrows by the bars, and to fiseilitate the equable action of 
Ih^Jiquor. 

Dy thianrocess the patentee says, that a hide may be taungd as completely in ten 
days as it could he in ten months by the usual method. 

Messra. Knowlys and Duesbuj^y obtained^a patent in August, 1826, for accelerating 
the impregnation of skins with tannin, by suspending them in a close vessel, from which 
the air is to be extracted by an air pump, and then the fanning infusion is to be ad- 
mitted. In this way, it is supposed to penetrate the hide so effectually as to tan it 
unifori^ in a short time. 

l^nish leather is made by tanning lamb and kid skins with willow bark, whence it 
derives an agreeable waell. It is chiefly worked up into gloves. 
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O/* th^tawing or dreMtmj of fur j/otr*, anti trfiitr thrrp Ir tthtr. 

The operations of this art are ; I , the skins ; 2. property treating iliera w ith 

lime i 3, taking off the fleece; 4, treatment in llie leatlier st«-p." 

A shed erected upon the side of a -iream. with a cistern of water for washing the 
skins; wooden horses for cleaning them with the hark of the fleshing knife . pincers 
for removing the fibri-s of damaged Wool ; a plunger for depressing the skins in the 
pits ; a lime pit; a pole "with a hag tied to the end of it : a two-handled fleshing knife ; 
a rolling pin, from 15 to 18 inches long, thickened in the niid'ile. Such are some of the 
utensils of a tawing establishment. There must be provided alCi a table for applying 
the oil to the skins ; a fulling mill, worked by a water>whetd or other pow, r ; a dress- 
ing peg; a press for squeezing out the faUy filth ; a stove ; planks mounted a(»D legs, 
for stretching the skins, &c. 

Fresh skins must be worked immediately after being washed, and then dried, other- 
wise they ferment, and contract cither indelible spots, or get tender in certain jioints, 
so as to open up and tear under the tools. When received in dry stale thev siiould 
be steeped in water for two days, and then treated as fresh skins. They are m at 
strongly rubbed on the convex hojse-beam with a round-edged knifit, in order to m.ike 
them plianb The rough parts are removed by the fleshing knife. One wtmkman can 
in this way prepare 900 skins in a day. 

The flesh side of each being rubbed with a cold cream of lime, the skins arc piled 
together with the woolly side of each pair oau-rmost, and the flesh sid. s m cont-iot. 
They are left in this state for a few days, till it is found that the wool iiuv be easily 
removed by plucking. 

They arc next washed in runnipg water, to separate the greater part of the lime, 
stripped of the wool by small spring tweezers, and then fleeced smooth by mc.an» of the 
rolling-pin, or sometimes by rubbing with a whetstone. Unless they be fleeced soon 
after the treatment with lime, they do not well admit of this operation subaeqnentiv, as 
th^ are apt to get hard. 

They are now steeped in the milk of lime-pit. in order to swclb seiflen. and eleanve 
them ; afterwards in a weak pit of old lime-water, from which they are taken out and 
drained. This steeping and draining upon inclined tablev. arc r, |M an d fr, qiicnily 
during the space of 3 weeks. Only the skins of young animals, or those of inlt-riur 
Talue are tawed. Sometimes the wool is.left on, as for housings, Ac. 

The skins, after having been well softened in the steeps, are rubbed on the outside 
with a vshetstone set tu a wooden case with two handles, in order to sroootbe them 
completely by removing any remaining filamenU of wool. l,amb skins are rubbed 
with the pin m the direction of their breadth, to give them snpplenesa j but aheep skins 
are fulled with water alone. They arc now readv for the branning, which U done by 
mixing 401bs, of bran with 20 gallons of water, and keeping them" in this fermcnuhle 
mixture for three weeks with the addition, if possible, of some old bran w.iter. Hem 
they mast be frequently turned over, and carefully wntched. as it is a delicate op- raiion. 
In the course of two days in summer, and eight' in winter, the skins are said to be 
raised, when they sink in the water. On coming out of the bran, tln v are ready 
for the white stuff ; which is a bath composed of alum and sea-salt. Twelve, fourteen, 
and sometimes eighteen pounds of alum for 100 skins, form the basis of the hath ; to 
which two and a half pounds of -salt are added in winter, and three in summer. These 
ingredients are introduced into a copper with twelve gallons of water. The salt aids 
in the whitening action. When the solution is about to lioil, three gallons of it arc 
passed through the cuKender into a basiiu in this 26 skins are worked one after 
another, and after draining, they are put together into the bath, and left in it for ten 
minutes to imbibe the salts. They are now ready to receive the paste. For Ino skiu-s, 
from 1.1 to I.'i pounds of wheat flour arc used, along with the yolks of 50 eggs .After 
having w, armed the alum hath through which the skins have been pas,sed the flour is 
dusted into It, with careful stirring. The paste is well kneaded by the gradual addition 
of the solntion, amt ptiascl through the cullender, whiyciby it becomes as clear as honev. 
lo this the yolks being added, the whole is incorporated with much manual labour, 
-the skins are worked one after another in this paste; and after'wards the whole toge- 
ther are left immersed in it for a day. They are nCw stretched and dried upon pSfes, 
in a pro^r apartment, during from 8 to 15 days, according to the season. « 

The effects of the paste arc to whiten the skins, to soften them, and to protect them 
from the hardening influence of the atmtf.phere, whTch would naturally render them 
brittle, they vrould not bear working npon the softening iron, but for" the emulsion 
which has been int^uced into their sph.stance. W’iih this view they are dipp^ in a 
fob of clear water danng five or six minutes, and then spread and worked upon the 
?" j They are inerwed by this means in length, in the proportion of 5 to^. No 
hard poiBtt must be left m them. The whiteness is also better brought out by this 
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opHfclion, which is pcrf.irmcd upon ihc flesh side. The softeninp tend is an iron plate, 
about one for»t broad, rounded over above. mowiUcHl upon an upriiihi beam, 30 inches 
hi/jh. which !•> to the end <'fa stron/Hiorizontal plank, fett lonp, and 1 broad. 
This plank iv he..\.l\ loadt*d, to make U iinmotahle upon the floor. Sometimes the 
skins are m xi 'pread over an undressed clean .akin upon the horse, and worked well 
with the tw t>h iiidled knife, flirt he purpose of reitiovinpthe first and second epidermis, 
calletl x\n\finir and nmh-t-Jiew by the French meuixutert. They are then dried while 
stretclied by hooks and slrinjr*. When dry they are worked on the strttrhmg-iron^ or 
they are oooaMonall^polUh^ with pumice stone. A (Uhc.ite \el!ow tint is given by 
a c<»mposiium made of two parts of whitening and one of <»chre. applied in a moistened 
state, and wi U worked in upon the pram side. Aflt r beinp jKdishi-d with pumice, they 
are sm<M>thed with a hoi imn, as the laundresses do linen, whereby they acquire a 
degree of li. fire, and are r*ady to lx* delueri'd to the iflovcr. 

For the Ix^st sheepskins are selected, and such as are covered with the 

longt-ivt and ni««i beautiful fleece. They ore steeped in water, in order to he deaned 
and softened ; after whudi they are thinned inside by the fleshing knife. They are 
now steciMxi lu an old hran pit for 3 or 4 days, when they are taken out and washed. 
They are next snb ected to the white or alum bat]}, the wool being carefully folded 
within ; alxuit 18 pounds of alum being used for 100 skins The paste iswnade as for 
tlu> fleeced skins, hut It is merely spread upon their flesh side, and left uj>on them for 
IS hours, so as to stiffen. They are then hung up to dry. They are next moistened 
by sprinkling cold water upon them, folded up, piled in a heap, and covered with 
N'arda wc phted with heavy atoms: in which state they remain for two days. They 
are next opened with a round iron upon the horse, and subjected to the stretching 
iron, being work»‘d hroatlw isc. I hey are dried with the fleece outermost, in the sun 
if poi.ioble, and are finished upon thg strcichet, 

t 'alf and l.nnh sK'n*^ w itli tlieir h.air and wo(d are worked nearly in the same manner ; 
only the thicker the ^kin, the stronger the alum bath ought to he. One pound of alum 
and one of salt arc r< <pnred for a single calf skin. It is left four days in ttiis bath, after 
which It IS worked upon tin* Wic/Mcr,then fulled. When half dry, the skins are opened 
upon tin- horse. In eiglit dajs of ordinary weather, they may Ik‘ completely dressed. 
Lamb skins arc funictimcs sUx'ped during eight days in a bath prepared with unbolted 
rye flour and cold water, in which they Are daily moved about two or three times. 
They nre then dried, stretched u|>on the iron, and switched upon the fleecy side. 

('A.inirjM. or Sfiitwiiji The skins are first washed, limed, fleeced, and branned 

tw above describoj. 'I liev arc next that is, deprived of their epidermis by 

a concave knife, blunt in us middle part, upon the convex horse-beam. The cutting 
part Serves to remove all excrescences, and to equalise the thickness, while the blunt 
part softens and smooths. The skins of goats, docs, and chamois are always treated 
in this way. They are next subjected to the fermenting bran steep for one or two days, 
in ordinary weather; but iu hot weather for a much shorter time, sometimes only 
moving them in the soar bran liquor for a few minutes. They are lastly wrung at 
the peg, and subjected to the fulling mill. 

When the skins have been sufficiently swelled and suppled by the branning, they may 
receive the first oil as follows: a dozen skins being stretched npon the table, the fingers 
arc dij'ped in the od, and shaken over the skins in different places, so as to im{»art 
enough of it to imbue the whole surface slightly, by friction with the palms of the 
hands. Ti is to the outside or grain that the oil is applied. The skins are folded four 
together, so as to form balls of the size of a hog’s bladder, and thrown into the trough 
of the fulling mill, to the number of twelvg dozen at once. Jl^re they remain exposed 
to the heater for two, three, or four hours, according to their nature and the state^of 
the weather. They are taken out, aired, oiled, and again fulled. The airing and ful>» 
ling are repeated several times, with more or less frequent oilings. Any cheap animal 
oil is employ<^ 

After these operations, the skins require to be subjected to a fermenting process, to 
dilate their pores, and to facilitaSe their combination with the oil. This is performed 
in a charobeit only 6Jeet high, and 10 or 12 feet square. Poles are suspended hon- 
xontally a few inches from the ceiling, with hooks fixed in them to which the skins are 
attached. A somewhat elevated temperature is maintained, and by a stove if need be. 
This operation requires great skill and experience. 

The remainder of the epidenjjis is next removed hy n blnnt concave knife and the 
horse ; whereby the surface is not cut, butAather forcibly scraped. 

The skins are now scoured to carry off the redundant oil ; which is effected by a 
potash lye, at 2® Banme, heated no hotter thtHi the hand can bear. In this they are 
stirred kgisk )y , steeped for an hour, and lastly wrung at the peg. The swmpy liquor thus 
expelled is used for inferior purposes- The clean skins after being dried are finished 
first on the s&etcher^iron, and then on the Aorse or stretching frame. 
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JLe€ith€r<>fff^gary,~^Thi% U manufactured by imprejmatinjs huW* with iiaia, 

commofi salt, and suet ; by a rap.d frocesw which i« usuaUy compUic l jn th«- »pAce of 
two montha The workshop is divided 5^lo two parts ; 1. A shed on th** *\d% of » 
Stream, faraished with wooJen horses, dcsbin? kuit'es, and other smaU tools. In one 
comer is a furnace with a boil.T for dMaotrinp the alum, a vat for uuno rsm^ the bides 
in the solotion, and several subsidiary tubs. ‘J. A chambtT. (j feet h;gh. bs 15 feet 
sqnare, tapable of be'ng made very tight, for preserving the heaL In one ntmer Is a 
copper boiler, of sufficient si»e to contain 170 jioutids of tahnw. In the mid-lie of the 
stove is a square stone slab, upon which an iron grate is pl4ce<kJiboat a sar i ik)uare. 
This is coTered with charcoal. At each side of the stove are largt* tables, which «>ccupy 
its whole length, and on which the leatl^r is spread to receive the grease. The upper 
part below the ceiling is filled with poles for banging the leather upfm to K* heated. 
The door is made to shot perfectly close. 

The first operations arc analogoos to those of tanning and tawiiur : the skin< being 
washed, ent in halves, shaved, and steeped for 24 bemrs in the river. They are 
then cleaned with 5 or 6 pounds of alum, and pounds of salt, for a pufe of bide 
which weighs from 70 to 80 pounds. The common salt softens the effect of tiie alum, 
attracts the moistnre of the atr, agd preserves the suppleness of the skin. When the 
alum and sHt are dissolved, hot wafer is poured upon tlu- hides pl8ce<l in a vat, and they 
are trampled upon by a workman walking rep«-atedly from one end *>( tin’ vnt to the 
other. They are then transferred into a similar vat containing some lud water, and 
similarly trampled upon. They arc neat steeped for eight days in alum water. Tin 
same round of operations is repeated a second time. 

The skins are now dried either in the air, or a stove room ; but before being quite 
dry» they are doubled together, well stretched to take out the wrinkles, and piled up. 
when dry, they are again trampled to open the pores as well as to render the skin 
pliant, after which they are whitened by exposure to the snn. 

Tallow of inferior quality is employed for greasing the leather. With thU view the 
hides are bung upon the poles in the close stove room, then laid upon the table, and 
besmeared with the tallow melted till it begins to crackle. This piece is laid on another 
table, IS there covered with a second, similarly greased, and so forth. Three pounds 
of fitt are commonly employed for one piece of leather. 

When ^e thirty etnpa, or fifteen hides passed through the grra.H* in one opiTation 
are emfu^ed, two workmen take the first pieco in their hands, and stretch u over the 
baming chareoal on the grate for a minile, with the fieah side to the fire. The h st 
are passed over the flame in like manner. Aftev^asihiy, the pbrees are tnccessivfly 
laid on an inclined table exposed to the fire, where they are ooverefi with a cloih. 
They are finally hung upon poles in the air to dry j and if the weather be warm, they 
are suspended only during the night, so as to favour the hardening of the grease. 
Instead of the alum bath, M. Curaudau has employed with advantage a steep of dilute 
sulphuric acid. 

ifo^ia leather. — The Htissians have long been possessed of a method of m.'ikin;: .-v 
peculiar leather, called by them jucten^ dyed red with the aromatic saunders w(M>d, 
This article has been much sought after, on account of not being subject to mould in 
damp situations, being proof against insects, and even repelling them from the vicinity 
of its odour. The skins are freed from the hair or fleece, by steeping in an a«>li-lye too 
weak to act upon the animal fibres. They arc then rinsed, fulled tor a longer or shorter 
time according to their nature, and fermented in a proper steep, after having been 
washed in hot water. They are taken out at the end of a week, but they may 
be steeped a second thne if deemed nece^ry, to open their pores. They are now 
cleaned by working them at the horse on both the flesh and grain sides. 

A pa.ste is next composed, for 200 skins, of 38 pounds of rye flour, which is set to 
ferment with leaven. This dongh is worked up with a sufficient quantity of water to 
form a bath for the skins, in which they are soaked for 48 hours ; they are then trans- 
ferred into small tubs, where they remain during fifteen days, after which they are 
washed at the river. These operations serve to pre,nare the skins for absorbing the 
astnngent juices wifh uniformity. A decoction of willow bark (lialix cinema ^nd Sail* 
caprea} being made, the skins are immersed in the boiler whenever the temperature of 
the liquor is sufficiently lowered not to injure the" animal fibres, and handled “Sod 
pressed for half an hour. This manipulation is repeated twice daily tiaring the 
period of a week. The tanning infusion is thim renewed, and applied to the same 
skins for another week ; after which, being exposed to the air to drv, they are ready 
for bei^ dyed, and then curried with the empyreumatic oil of the Wk of the birch 
tree. To this siibstance the Russia leather owes Us peculiarities. Many modes have 
preparing it ; but the following is the one practised in Rujg^ia. 

The whitish membranous epidermis of the birch, stripped of all woody ]^rts, is in- 
trodut%d into an iron boiler, which, when stuffed full, is covered tight with a vaulted 
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iroo 'id, having a pipe rising; from its centre. A second boiler into ifhich this pipe 
passes wiihout reacbinft its l>ottom, is set orer tbeafiret, and is luted to it at the edges, 
after the t«o are lailied lopeilier. They ar^then inrerted, so that the upper one con- 
tains the birch bark. The under half of this apparatus is sunk in the earth, the surface 
of the upper boiler is coaled over with a clay late, then surrounded with a fire of wood, 
and exposed to a red heat, till the distillation be completed. This operation, though 
rude in appearance, and wasteful of wood, answers its purpose perfectly well. The iron 
c> Under apparatus used iu Kritain for distilling wood vinegar would, however, be 
much more convenient and productive. When the above bodies are unluted, there it 
found in the upper on*a very light powder of charcoal, and in the under one, which 
serr»Kl aa a receiver, there is an oily, brown, cmptreumaiic fluid, of a very strong 
smell, which is mixed with the tar, and wliieh floats over a small quantity of crude 
vinegar. The former matter is the o.l enip'.ojcd to impregnate the skins, by working 
it into the fliuih side with the currier's tmiis. It is diflicult to make this oil penetrate 
wiili uniformity; and the Russians do not always succeed in this process, for they 
turn nut many skins in a s|Kiited slate. This oil ta at present obtained in France by 
distilling the birch bark in copper ttilla. and eoDdensing the products by means of a 
pipe plunged in cold wau-r. About 60 per cent, of ijje weight of the baric is extracted. 

The skins imbibe this oil most equally before they are fully dry. Caae must be 
taken not to apply too much of it, for fear of its passing through and staining the 
grain side of the leather, t’hevreul has investigated the chemical nature of this odo- 
ri^ rous aubatsnee, and finding it to be a peculiar compound, has called it bfluline. 

Ill the Fnfcklin Institute for February. 1843, Mr. Gideou l.«e has published some 
judicious ohsiTialions on the process of tanning. He believes that much of the 
original pcUilmc of the hides is never combined with the tannin, bnt is wasted; for 
he iliiiiks that lii illw. of perfectly dry hide, when cleaned from extraneous matter, 
ahoiild, on chemical principles, afford at least 180 lbs. of leather. I'he usual 
preparaiion of the hide for laoning he believes to be a wasteful process. In the 
liming and haling, or itic uiihainng ami llie cleansing, the general plan is first to steep 
the hides in milk < f lime for one. two. or three weeks, according to the weather and 
texture of the skin, until ihe hair and epidermis be so loosened as to be readily re- 
moved by nibbing dow n, by uiean.s of a knife, upon a beam or block. Another mode 
i.a to suspend the hides in a close elmmber. heated slightly by a smouldering fire, till 
thewpidermis gets loosened by incipient putreftiction. A third process, called sweat- 
ing, used 111 (jeritiany, consists in lay ing the hides in a pack or pile, covered with tan, 
to promote fermentative heal, and to loosen the epidermis and hairs. These plans, 
es|ieciiilly the two latler, arc apt to injure the quality of the bides. 

The half eonsisu iu steeping the haired hides in a solution of pigeon’s dong, con- 
taining, Mr. l.ee says, muriate of ammonia, muriate of soda, &c. ; but most probably 
phosphates of ammonia and lime, with urate of ammonia, and very fermentable animal 
m.itter. The dry hidet are often subjected first of all to the operation of the fulling- 
stoeks, which opena the porea, but at the same time prepares them for the action of the 
liniing and bate ; aa also for the introduction of the tanning matter. AVhen the 
fulling is too violent, the leather is apt to be too limber and thin. Mr. Lee conceives 
that ihe liming is injurious, by carrying off more or less of the gelatine and albumen 
of the skin. High-limed leather is loose, weighs light, and wears out quickly. The 
subsequent fermentation in the bating aggravates that evil. Another process has 
therefore been adopted in New York, Maine, New Hampshire, and some parts of 
Philadelphia, called, but incorrectly, cool sirrahng, which consists in suspending the 
hides in a subterranean vault, i»a teropen^iire of 50’ Falir.. kvpt perfectly damp, by 
the trickling of cold spring water from points in the roof. The hides being first 
soaked, arc suspended in this vault from 6 to 12 days, when the hair is well loosened, 
by the mere softening effect of moisture, without fermentation. — H. M, 

LEATHER, MOROCCO. (Maroguin, Fr.; Saffian, Germ.) Morocro leather of 
the finer quality is made from goat-skins tanned with sumach ; inferkw morocco 
leather (roan) from sheep skins. ,, The goat skins as imposed are coveted with hair ; 
to remove whjefa fhey^are soaked in water for a certain time, and they are then sub- 
jected to the operation called breaking, which consists in scraping them clean and 
smdSth on the flesh side, and the^ are next steeped in lime pits (milk of lime) for 
several da_jh, during which period they are draten out, with a hook, from time to time, 
laid on the side of the pit to drain, and replunged alternately , adding occasionally a 
little lime, whereby they are evAtually de|^ived of their hair. M hen Ibis has be- 
come sufficiently loose, the skins are taken out one by one, laid on convex beams, the 
Work benches, which stand in an inclined position, resting on a stool at their upper 
end, at ^.jveight convenient for the workman's breast, who scrapes off the hair with a 
concave steel blade or knife, having a handle at each end. When unbaired, the skins 
are once more soaked in milk of lime for a few days, and then scraped on the flesh 
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side to render Tety eren. For removing the lime which obstructs their por^, and 
would impede the tanning process, i?s well as to open these pores, the skins are steeped 
in a warm semi-putrid alk jine liquor, matde with pigeons’ and hens’ dung diffused in 
water. Probably some very weak acid, such as fermented bran water, would answer 
as well, and not be so offensive to the workmen. (In Germany the skins are first 
washed in a barrel by a revolving axle and discs.) They are again scraped, and then 
sewed into bags, the grain outermost, like bladders, leaving a small orifice, into a hich 
the neck of a funnel is inserted, and through which is poured a certain quantity of a 
strong infusion of the sumach ; and they are now rendered tight round the orifices, 
after being filled out with air, like a blown bladder. A parcel 'of these inflated skins 
are thrown into a very large tub, containing a weaker infusion of sumach, where 
they are rolled about in the midst of the liquor, to cause the infusion within to act 
upon their whole surface, as well as to expose their outsides uniformly to the tan- 
ning action of the bath. After a while these bladder skins are taken out of the bath, 
and piled over each other upon a wooden rack, whereby they undergo such pressure 
as to force the enclosed infusion to penetrate through their pores, and to bring the 
tannin of the sumach into intimate contact, and to form a chemical combination with 
the skin fibres. The tanning is completed by a repetition of the process of intro- 
ducing soijje infusion or decoction into them, blowing them up, and floating them 
with agitation in the bath. In this way goat skins m.uy he well tanned in the course 
of one day. 

The bags are next undone by removing the sewing, the tanned skins are scraped “SS 
he''ore on the carriers’ bench, and hung up in the drying loft or shed ; they are said 
now to be “ in the crust.” They are again moistened and smoothed with a rubbing 
tool before being subjected to the dyeing operations, in which two skins are applied 
face to face to confine the dye to one of their surfaces only, for the sake of economising 
the dyeing materials, which may be of several different colours. The dyed skins are 
grained by being strongly rubbed with a ball of bqx wood, finely grooved on its 
surface. 

Preparatory to being dyed, each skin is sewed together edgewise, with the grain on 
the outside, and it is then mordanted either with a solution of tin, or with alum water. 
The colour is given by cochineal, of which from 10 to 12 ounces are required for a dozen 
of skins. The cochineal being boiled ia water along with a little tartar or alum for a 
few minutes, forms a red liquor, which is filtered through a linen cloth, and put into 
a clean cask. The skins are immersed in this bath, and agitated in it for about half 
an hour ; they are taken out and beaten, and then subjected to a second immersitm in 
the cochineal bath. After being thus dyed, they are rinsed and tanned with Sicilian 
sumach, at the rate of two pounds for a skin of moderate size. The process is per- 
formed in a large ttib made of white wood, in the liquor of which the skins are floated 
like .so many bladders, and moved abotit by manual labour dttring four hours. They 
are then taken out, drained, and again subjected to the tanning liquor ; the whole pro- 
cess requiring a space of tnenty-fmir hours. The skins are now unstitched, rinst-d, 
fulled with beetles, drained, rubbed hard with a copper blade, and lastly hung up 
to dry. 

Some raanufacturer.s brighten the colour by applying to the surface of the shins, in 
a damp state, a solution of carmine in ammonia with a sponge; others apply a decoc- 
tion of saffron to enliven the scarlet tint. At Paris, the morocco leather is tanned by 
agitation with a decoction of sumach in large casks made to revolve upon a horizontal 
axis, like a barrel churn. White galls are sometimes substituted for sumach; a pound 
being used for a skin, v The skins must he. finally cleaned with the utmost care. 

The black dye is given by applying with the brush a solution of red acetate of iron to 
the grain side. Blue is communicated by the common cold indigo vat ; violet, with a 
light blue followed by cochineal red ; green, by Saxon blue followed by a yellow dye, 
usually made with ttie chopped roots of the barberry. This plant serves also for 
yellows. To dye olive, the skins are first passed through a weak solution of green 
vitriol, and then through the decoction of barberrx root, containing a little Saxon 
blue. Puce colour is communicated by logwood with a little alum ; which may be 
modified by the addition of a little Brazil wood. In all these cases, whenever the 
skins arc dyed, they should be rinsed, wrung, or rather drained, stretched upon a 
table, then besmeared on the grain side with a film of linseed oil applied l!/ means of 
a sponge, in order to promote their glossiness when curried, and to prevent them 
becoming homy by too rapid drying. r 

The last process in preparing morocco leather is the currying, which brings out the 
lustre, and restores the original suppleness. This operation is practised in different 
manners, according to the purpose the skins are to serve. For pocket-books, port- 
folios, and case making in general, they most be thinned as much as possible upon the 
flesh side, moistened slightly, then stretched upon the table, to smooth them ; dried 


LEATHER. 


685 


agaiSf moistened, and lastly passed two or three times through the cylinder press in 
different directions, to produce the crossing of th^grain. The skins intended for the 
shoemaker, the saddler, the bookbinder, require more pliancy, and must be dif- 
ferently curried. After being thinned, they are glazed with a polisher while still 
moist, and a grain is formed upon the flesh side with the roughened lead plate or 
grainer of the curriers, called in French ponmclle ; they are glazed anew to remove 
the roughness produced by the pommel, and finally grained on the flesh side with a 
surface of cork applied under a pommel of white wood. 

Tawing OF SkinS|^ ( Mcpisscne, Fr. j WeissgerOereij GeTm.) The kid, sheep, and 
lamb skins, are cleaned as has been already described. In some factories they 
receive the tanning power of the submuriate of alumina (from a solution of alum and 
common salt) in a large barrehchurn apparatus, in which they are subjected to violent 
agitation, and thereby take the aluming in the course of a few minutes. In other cases, 
where the yolks of eggs are added to the above solution, the mixture, with the skins, 
is put into a large tub, and the whole trampled strongly by the naked feet of the 
operator, till the emulsion of the egg be forced into the pores of the skin. The tawed 
skins, when dry, are “ staked,” that is stretched, scraped, and smoothed by friction 
against the blunt edge of a semi-circular knife, fixed^o the top of a short beam of wood 
set upright. The workman holding the extremities of the skin with both ^ands, pulls 
it in all directions forcibly, but skilfully, against the smoothing stake.” 

In an entertaining article on tanning in the 11th voL of fhe Penny Magazine, at 
plge 215, the following description is given of one of the great tawing establishments 
of London. 

“ In the production of * imitation* kid leather, the skm of lambs is employed ; and 
for this purpose lamb-skins are imported from the shores of the Mediterranean. 
They are imported with the w ool yet on them ; and as this wool is valuable, the leather 
manufacturer removes this before the operations on the pelt commence. The wool is 
of a quality that would he greatly injured by the contact of lime, and therefore a kind 
of natural fermentation is brought about as a means of loosening the wool from the 
pelt” The following is a description of one of the buildings. “ On the ground floor, 
a flight of stoue steps leads down to a range of subterranean vaults or close rooms, 
into which the lamb skins are introduced in a wet state, after having been steeped 
in water, ‘ broken * on the flesh side, and drained. The temperature of these rooms 
is nearly the same all the year round, a result obtained by having them excluded as 
much as possible from the variations of the external atmosphere j and the result is, 
that the skins undergo a kind of putrefactive or fermenting process, by which the 
wool becomes loosened from the pelt. During this chemical change ammonia is 
evolved in great abundance j the odour is strong and disagreeable 5 a lighted candle, 
if introduced, would be instantly extinguished, and injurious effects would he per- 
ceived by a person remaining long in one of the rooms. Each room is about ten 
feet square, and is provided with nails and bars whereon to hang the lamb-skins. 
The doors from all the rooms open into one common passage or vault, and are kept 
close, except when the skins are inspected. It is a point of much nicety to determine 
when the fermentation has proceeded to such an extent as to loosen the wool from the 
pelt ; for if it be allowed to proceed beyond (hat stage, the pelt itself would become 
injured. 

When the fermentation is completed, generally in about five days, the skins are re- 
moved to a beam, and there “ slimed,” that is, scraped on the flesh side, to remove a 
slimy substance which exudes from the pores. The wool is then taken off, cleaned, 
and sold to the hatters, for making the bj^ies of common hats. The stripped pelts 
are steeped in lime-water for about a week, to kill the grease ; and are next “ fleshed 
on the beam.” After being placed in a “drench,” or a solution of sour bran for 
some days to remove the lime and open the pores, the skins are alumed, and sub- 
jected to nearly the same processes as the true kid-skins. These Mediterranean lamb- 
skins do not in general measure more than about 20 inches by 12 ; and each one fur- 
nishes leather for two pairs of ?vall gloves. These kinds of leather generally leave 
the leather-lesser iw a white state; but undergo a process of dyeing, softening, 
“stfoking,” &c., before being cut^p into gloves. 

The ta;^ning of one average-sized skin requires about Ij lbs, of good Sicilian 
sumach ; but for leather which is to receive a bright scarlet dye, from one half to 
three quarters of a pound of gafl^nuts are employed in preference. Inferior goat skins 
are tanned with a willow bark infusion, in pits, in which they arc turned repeatedly, 
and laid out to drain, as in tanning sole leather. The finest skins for the brightest 
scarlet are cured with salt, to prevent their receiving damage in the transport, and 
are dye4 before being tanned. This method is practised in Germany and France. 

Leather of deer and sheep-skins is prepared with oil, for the purpose of making 
breeches, &c., and for ^ash-leather, used in cleaning plate. After they are completely 
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■washed, limed, »nd beamed, as above described, they have their “ grain ’’-surfafte re- 
moved, to give them greater softness and pliability. This removal of the grain is 
called “ friaing,” and it is done either wi(b the round edge of a blunt knife, or with 
pumice-stone. After being freed from the lime by steeping in fermented bran-water, 
they are pressed as dry as may be, and are then impregnated with cod-oil, by beating 
with stocks in the trough of a kind of fulling mill. Previously to the application of 
the oil, they are usually beat for some time alone to open their substance. The oiled 
skins are stretched, hung up for some time in the air, then fulled with oil as before — a 
process which is 8 or 9 times repeated. The oil is slowly and ^'enly poured upon the 
skins in the trough during the action of the beaters. One huna'. ed skins usually take 
up in this way from two to three gallons of oil. The fulled oil skins are thrown into 
large tubs, and left for some time to ferment, and thereby to combine more intimately 
with the oil. They are lastly subjected to a weak potash lye bath, to strip them of the 
loosely adhering oiL They are then hung up in the air to dry, and dressed for the 
market. — H. * 

LEATHER, RUSSIAN, as tanned at Kazan. The hides to be tanned may be 
either fresh from the animal or dry, no matter which ; they are first laid to soak for 
3 days and nights in a solution oj potash, to which some quicklime is added. The 
potash used is made of the tree called in Russ Him (the common elm), which sort is 
said to be preferable to any other, if not essential ; it is not purified, so that it is of a 
brown colour and of air earthy appearance : about 12 poods of this (the pood is 36 lbs. 
English), and 2 poods of lime, serve for 100 skins. As they have no way of ascer- 
taining the degree of causticity of the alkali but by its effect upon the tongue, when 
they find it weak they let the skins lie longer in the solution. 

When the skins are taken out of this solution they are carried to the river, and left 
under water for a day and a night. 

Next a vedro of dog’s dung is boiled in as much water as is enough to soak 50 skins, 
(the vedro is equal to 2'696 English imperial gallons) but in the winter time, when 
the dung is frozen, twice that quantity is found necessary. The skins are put into this 
solution, not while it is boiling hot, but when at the heat which the hand can bear; in 
this they lie one day and one night. 

The skins are then sewed up so as to leave no hole ; in short, so as to be water-tight ; 
abrat one third of what the Ain -will contain is then filled up with the leaves and small 
twigs chopped together of the plant called in Russ Toloknanka (Arbutus uva-ursi, 
sometimes called bear berry), which is brought from the environs of Solikamskaga, 
and the skin is then filled up with water. * 

The skins thus filled are laid one on the other in a laige trofj^ and heavy stones 
upon them, so as by their weight to press the infusion through the pores of the skin in 
about 4 honrs ; yet, as it was said at the same time, that the skins are filled up with 
the same water which had been pressed out 10 times successively, and that the whole 
operation takes but one day and one night, this leaves but 2^ hours for each time. 

The skins are then taken to the river and washed, and are ready for the dyeing. 
The whitest skins are laid aside for the red and yellow leather. 

(The operations in dyeing follow, but are here omitted.) 

To soften the skins after dyeing, they are har.assed by a knife, the point of which is 
curved upwards. — H. M. 

LE-kTHER, CURRYING OF. The currier’s shop has no resemblance to the 
premises of the tanner, the tools and manipulations being quite different. 

Within the last twenty or thirty years, many tanners have added the currying 
business to their establisbments, and many-curriers have likewise commenced tanning; 
but in each case, an extension of premises is necessary, and the two departments are 
still separate. The advantages derivable from this arrangement are two-fold, — first, 
a saving of time is effected, for as the tanned leather is sold by weight, it is required 
to be well dried before being disposed of to the currier, an operation which is not 
needed where the tanner carries on the currying also ; and secondly, by the currier’s 
art, the skins can be reduced to a comparatively uniform thickness previous to their 
being tanned, thus saving time and bark (used for tanning),.and insuring a more 
equal distribution of tannin through the substanpe of the skin. In the following 
description, the business of curry ing will be considered as practised at J(he prSent 
time. 

The currier’s shop or premises, to be convenient, should be spacious. A frequent, 
though not universal method, is to have 'the ground-floor appropriated to such ope- 
rations as require the use of a large quantity of water. The place or apartment thus 
used, is called the seouring-house, and-is commonly furnished with a number of ruts 
or casks open at one end, in which (he leather is placed for the purpose o£.soaking, 
and undergoing such treatment as will be hereafter described. In tlm apartment also 
is placed a large, fiat, slate stone, called a scowring-stme, or, more consistently, the 
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stoimon which the leather is scoared. This stone, which has its face perfectly fiat 
and smooth, and which should measure. 8 or ^feet in length, hy broad, forms 
a table, supported generally by masonry, j^ut sometimes by a strong frame of wood, 
so constructed, that the water, which is freely used in scouring, may drain off on 
the opposite side from that on which the workman is engaged; an inclination of 
about three or four inches on the width of the table, is suficient for this purpose. 
Another piece of furniture very frequently found m, or on the same floor with the 
scouring-house, is a block of sandstone, in the form of a parallelopipedon, between 
2 and 3 feet long, and 9 or 10 indies broad, the upper &ce of which is kept as 
near as possible a pfrfect plane ; this stone is fixed at a convenient height on a 
strong trussel, and is called the rub-stone-, because here the workman rubs or sharpens 
his knives and other tools. In some large establishments where the premises and 
water are heated by steam, the scouring-house will he found with a service of pipe 
leading to the various vats, and the boiler, for generating the steam, may he con- 
veniently placed in or near this part pf the building. 

The floor above the scouring-house, in the arrangement here laid down, is what is 
specially designated shop. The furniture in this department consists of a 6cam, 
1 1 12) on which the leather is shaved. It con- 
sists of a heavy block of wood, on which the^ 
workman stands, and into one end of which a stiff 
piece of wood is firmly mortised, at an angle of 
about 85°; this upright (so called) is about a foot 
wide, the height being greater or less, accorihog to 
the height of the workman, each of whom has his 
beam adjusted to meet his convenience. On the 
front of the upright, a piece of deal is firmly 
screwed, to which is glued a face or plate of lignum 
vitcB, worked to perfect smoothness to agree with 
the edge of the knife used in the operation of 
shaving. It is of the greatest importance to the 
workman, to keep his skin from injury, that his 
knife and beam should he kept in good order. A 
table or tables, generally of mahogany, large planks 
of which are used for the purpose to avoid joints, may be said to form a necessary 
part of the furniture of this department. These tables are firmly fixed, to resist the 
pressure of the workman when using various tools ; and as light is of the greatest 
consequence in the operations performed on them, they are usually placed so as to 
have windows in front of them. A high trussel is frequently used, across which the 
leather is thrown, after undergoing any of the processes, while the currier subjects 
other pieces to the same operation. 

Another part of the premises is termed the drying lofL In good buildings the 
drying loft is surrounded with weather-boards, constructed to be opened or clos^ as 
may be required. The use of this part being the drying of the leather, the ceiling is 
furnished with a number of rails or long pieces of wood, with books or nails on 
which to hang the leather for drying, and where steam is used for this purpose, the 
floor is traversed with pipes for heating the hfl. Here also is a table, similar to that 
previously described ; it should not be less than 7 or 8 feet long by 4.^ broad, if 
possible, without joint, and with a smooth face. 

There are other subordinate departments, each furnished with a table similar to 
those described. -* 

Of the tools used in currying, the kiStfe stands first in importance (/y. 1113). 
Here a and b are two handles, a is held in the 1113 

left hand, and forms a powerful lever when the 
edge c is applied to the leather. The blade of 
the currier’s knife is peculiarly tempered; it is 
composed of a plate of fine steel, strongly 
riveted between two plates of Iron. This in- 
strument is taken to the rub stone, and ground to a perfectly sharp edge by successively 
ruTJbing forward and backward^ care being taken to keep the ^ge true, that is, 
straight. ^sWben this has been satisfactorily accomplished, it is still further rubbed on 
a fine Scotch or Welsh stone called a clearing-stone, until the scratches of the mb’- 
stone disappear. ^ 

In this operation a fine thread or wire forms on the edges, for the knife has two 
edges (cc) which must be carefully got rid of; after which it is wiped dry, and the 
edges greased with tallow or oil. The workman then takes a strong steel, and placing 
himselfon his knees, he fixes the knife with th^ straight handle b against any firm 
body, and the cross handle a between his knees ; then holding the steel in both hands 
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he carefully ruhj it forward and backward the whole length of the edge. Durin^this 
operation the knife is gradually raised hy means of the handle a, until it is nearly per- 
pendicular; by this means the edge is tufped completely over. If the knife is not 
well tempered, the edge thus obtained will be irregular, or broken ; in either of which 
cases it is of no use whatever. 

To keep thminstrument just described in proper order requires grc.at skill on tbe 
part of the currier. The edge is so delicate and liable to injury that it cannot be used 
more than aminnte ortwo without losing its keenness. To restore this a very 
carefully prepared small steel is nsed,yi</. 11 14 ; the point of the steel is first run 
along the grove which is formed by turning the edge tf er, and tbe steel is 
then made to pass outside the edge (Jig. 1210). It is remarkable that a skilful 
hand can thus restore the efficiency of the knife, and keep it in work for hours 
without going for a new edge to the rub^stone. The other tools will be de- 
scribed as their uses are mentioned. 

The first thing done by the onrricr is the soaking of the leather received 
from the tanneg in water; the skin requires a thorough wetting, but not to 
saturation. In some cases the thicker parts arc partially soaked before the immersion 
of the whole, and when froju the nature of the skin this cannot be done, water is ap- 
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plied to the stout parts after the dipping ; it is requisite that the whole should be ns 
near as possible equally wet. In some instances the wetted leather is beaten, and 
sometimes a coarse graining-board (hereafter to be described) is used, to make it more 
supple previous to shaving it. The skin is then laid oger the beam (Jig. 1116) and the 
rough fleshy portion is shaved off. This operation is generally c-aXUA ^ hiving. In 
all the operations at the beam the leather is kept in its place by pressure of the knees 
or body of the workman from behind. In skiving tlTe right hand handle of the kflTfe 
somewhat precedes the left, but in shaving, properly so called, the left hamf’ precedes 
the right, /<;. 1117. In skiving the knife is driven obliquely a few inches at a time, in 
shaving it is driven with great force, not rflifrequently from the top to the bottom of 
the beam ; great skill is requisite in the performance of these operations, to guide the 
knife and to keep its edge. The carpenter’s plane can be most completely regulated 
by the projection of the plane iron from the wood, but the currier’s knife admits of 
no such arrangement, and the unsltilful carrier is constantly liable to injure the 
leather by catting through it, as well as by failing to produce a regular substance. The 
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kin^pf skin, and ite use for which it is designed will regulate the wjjrk at the beam, 
lu some cases, as in the calf-skin, it is skived andithen shaved, or, (as it is flat- 

tened m right angles to the skiving — in otMr kinds, as the cow-hide prepared for the 
upper leather of heavy shoes, after skiving it is shaved across (i. e. nearly at right angles 
to the skiving), flattened by being again shaved in the same direction as the skiv- 
ing. In some manufactories there are certain kinds of leather whiclf are subjected 
to the optyation called by curriers stoning^ before flattening : this is done by forcibly 
driving the sUjck-stone (fig. 1 1 18)over the am side of the leather, thereby stretching 
it, and rendering the grain smooth. The flattening process is considerably facilitated 
by this stoning, and 3^ the skin has been allowed slightly to harden by exposure to 
air, and the edge of the knife is fine, as it should be, the workman has but to strike 
the flat part of the knife over the leather after the shaving is performed, to produce a 
beautiful face to the flesh side of the skin. It will not be difficult to understand that 


1118 1119 



a good hand is easily distinguished from an inferior one in th,^ part of the business. 
With such nicety will a skilful workman set the edge of his knife, that although there 
seems nothing to guide him, he can take shaving after shaving from the hide extending 
from the top to the bottom of the beam, thus rendering the leather extremely even in 
its substance. 

A fter the process of shaving is completed, the leather is placed in water, where it 
remains until it is convenient to carry on the operation next required. It is to be 
observed that in the condition in which leather is shaved, it cannot long be kept 
without becoming heated ; when, however, it is put into water, it is safe from injury, 
and may be kept a very long time, provided the water be occasionally changed 
for a fresh, sweet supply ; stale water is regarded as injurious for the skin to 
remain in. 

Scouring is next proceeded with ; the skin is taken out of the water, and laid on 
the scouring-stone. In respectable manufactorief, it is usual first to scour on the flesh; 
this is done by passing a slicker smartly over the flesh side, by which the grain of the 
leather is brought into close contact with the scourieg stone, and, being in a wet 
condition, the air is easily excluded, so that the leather sticks to the stone. A plen- 
tiful supply of water is now applied, and a large brush, with stiff hairs, is rubbed 
over the flesh, or upper side. Portions of the surface, in a pulpy condition, come off 
with the scrubbing, and the skin presents a soft, whitened, pulpy appearance ; the pores 
are rendered capable of containing more moisture, and, altogether, the leather is much 
benefited. The slicker is a plate of iron or steel, or for particular purposes, of brass 
or copper ; it is about five inches long, and like the stock-stoney is fixed in a stock, or 
handle (flg. 1119). It is sharpened at the rub-stontj by grinding the plate perpendicu- 
larly, and then on either side, thus producing two edges (or rather, right angles'). 
The edges thus produced are not of an order to cut the leather, but rather to scrape 
it. The slicker is not intended to remove irregularities in the leather, but its uses 
are various, and it may be considered a very important tool as will hereatter 
appear. 

In the process of tanning, the grain side of the hide or skin Ijecomes covered with 
a whitish body, derived from the bark calHd bloom ; this is more or less difficult to 
remove according to the hardness or softness of the water used in tanning, and the 
peculiar treatment of the tanner. It is, however, the currier’s business to remove it, 
which he effects thus:~ln the case of leather, whose grain is tendety as cordovany 
which is manufactured from horse bides, the grain being kept uppermost, the leather 
is spread on the scouring-stoue, and being plentifully supplied with water, is stretched 
by using the slicker, or a fine pebble, ground to the sha]^ of the stock-stone, the 
6/oom is thus loosened, snd, at the same time, by making it adhere to the scouring- 
ston^the next operation is readily carried on, which consists in smartly brushing 
the grain with a stiff-haired brush, at the same time keeping a quantity of water on 
the surface, the slicker is again used to remove the water and loosened blown, and 
the scouring is complete. In th^couring (jf calf-skins, and cow or ox hides, the 
stock-stone is used to fix the leather, and a piece of pumice-stone, the face of which 
has been ground to smoothness, and afterwards cut in grooves, is then forcibly rubbed 
over the grain, in order to remove the bloom. IJI this, as in other operations, on the 
scouring-j^one, water is a necessary ingredient The bloom being sufficiently loosened 
by the pumice-stone, the brush is used to scrub up the remaining dirt, which is then 
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removed by theitock-stone or slicker. In harness leather, -which is stout, and re^tires 
to be stretched as much as possible^ the pumice-stone is seldom used, the stock-stone 
and scouring-brush being lustily appliei*- until the bloom is sufficiently removed. 
Ordinary manufacturers within the present (nineteenth) century, have considered 
the operations of the scouring-house complete at this point. The modern currier 
takes a different view, and not unfrequently detains his scoured property for days, and 
sometimes for weeks in the scouring-house. v 

If the leather is imperfectly tanned, or it is required to be made of a bright colour, 
there are other processes to be passed through. In these cases sumach (an evergreen 
shrub of the natural order AytacavdiaceeSy genus Rhus, and from -the bark of which all 
the leather made in Turkey is said to be tanned) is infused in boiling water, and 
when cooled to a tepid state the leather is placed in it. After staying a sufficient 
time it is taken to the sconring-stone ; if cordovan, it is slicked as dry as can be well 
accomplished on the flesh side; other leather is for the most part slicked in a 
similar way on the grain side. Saddle leather which is required to be of a bright 
colour is still farther placed in warm water slightly acidulated with sulphuric ot 
oxalic acid, or both ; here for a time it is kept in motion, then taken to the seouring- 
stone, it is washed with peculiar qhemical lotions, according to the taste or knowledge 
of the worliman ; then again it is dipped in tepid sumach infusion, then slicked with 
a copper or brass slicker (iron is liable to stain leather thus prepared), and a thin 
coat of oil being ^plieU to either side it is removed to the drying-loft. Until within 
a very few years, much time and trouble were taken to produce very bright leather ^or 
the saddler; but <Jf late, brown-coloured leather has been adopted to a considerable 
extent, as it is less liable to become soiled. Nearly all leather is placed a short time 
in the hfi before farther manipulations are carried on, in order to harden it slightly 
by drying. _ . . , . . 

In the drying-loft, or its immediate -vicinity, the leather receives the dubbing 
(daubing, probably) or stuffing. The substance so called is composed of fallow 
brought to a soft plastic condition by being melted and mixed with cod-liver oil; 
occasionally sod (an oil made in preparing sheep skins) is in very small quantities 
added to the mixture. This is laid upon the leather either with a soft haired brush 
or a mop made generally of rags. 

The leather is prepared for staffing by vretting slightly such parts as have become 
too dry. It is then taken to the table previously described, which being slightly 
oiled the process is carried on by placing the skin on th‘e table in the banner most 
convenient for stretching it and making the surface smmth. In those kinds that 
have a rough wrinkled grain the flesh side is placed next the table and the stock-stone 
is used very smartly to stretch and smooth the grain. A kind of damp or holdfast, 
composed of two cheeks fastened with a screw, is sometimes used to prevent the 
leather from moving during this operation, but in general these are not required ; 
the slicker is then applied to remove the marks left by the stock-stone, and a thin 
stuffing being spread over the grain it is turned over, slicked on the flesh lightly, a 
coat of stuffing is spread over it, and it is hung up to dry. In those kinds which 
have to be blacked (or stained) on the grain, a little cod oil only is spread on the 
grain, and the slicker is applied on the flesh side most laboriously previous to 
stuffing. Much skill is required to give the requisite quantity of stuff (dubbing) to 
the leather without excess, excess being injurious, and the quantity required is 
farther regulated by the freshness or otherwise of the leather, the tan-yard from 
which it comes, and the treatment it has received in the scouring-house. 

When dry, the skms or hides are folded together, to remain until required. It is 
certain the leather improves by remaining some weeks in this condition. It should 
be observed that, in drying, the leather absorbs a large quantity of the oleaginous 
matter with which it is charged, and the unabsorbed portion forms a thick coating of 
hardened greasy matter on the flesh side. 

Leather which has to be blackened on the flesh (wax leather), from this point, 
receives different treatment from grain leather. Wax leather is taken to the shop- 
table and softened with a graining-board. The skilt is laid on the table and doubled. 
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grain to grain, the graining-hoard (fig. 1 121), which is confined to the band ^ a leather 
strap (a a), is driven forward and drawn back alternately until a grain is raised on the 
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leatipr, and it ha^^attained the required suppleness. Ohserre, the gyaining-board is 
slightly rounded on the lower surface, and tniveii^ed by parallel grooves from side to 
side, which are coarser or finer, as occasloii requires. The grease is next removed 
from the flesh by the slicker, and afterwards a sharp slicker is passed over the grain 
to remove grease or other accumulations from it. The next process is called 
whitening. The leather is laid over the 6eam, and a knife with an extremely fine 
edge is used to take a thin shaving from the flesh side ; this is a point at which a 
currier’s skill is tested. The knife used is one that has been very much worn, the 
quality of which has been tested to the utmost; and so extremely true is the edge 
expected, that not th^ slightest mark {scratch') is allowed to appear on the surface of 
the leather. Only a good workman can satisfactorily accomplish this. The slightest 
gravel in the flesh of the skin may break the edge of the knife in pieces, and it is not 
easy to rectify so serious a misfortune; besides, a poor workman may tear up the edge 
by steeling, an operation which ought to mend the mischief instead of provoking it. 

A fine graining-board is next used to soften the leather ; the stiffer parts being 
hoarded both on the grain and flesh sides, and the operation being carried on in two 
or three directions, to insure both softness and regularity of grain. Boarding is per- 
formed by doubling the leather and driving the double part forward and drawing it 
backward by the graining-board. 

The leather is now prepared for the waxer, and passes, consequently, into his 
hands. Waxing, in large establishments, is a branch considered separate from the 
gpneral business, and is usually in the hands of a person who confines himself to this 
occupation alone. The skin is laid on a table and the colour rubbed into the flesh side 
with a brush. It is necessary to give the brush a kind of circular motion to insure 
the required blackness in the leather. The colour is made by stirring a quantity of 
the best lampblack into cod-liver oil; sometimes a little dubbing is added, and in order 
to make it work smoothly so as not to clog the brush, some stale tan water from the 
vats in the scouring house is beaten vp with the mixture until it combines therewith. 
The preparation of the colour is an important affair, and requires a considerable 
amount of time and labour to render it such as the waxer desires. 

A slick-stone, or glass, is next used ; this tool is about the size and shape of the 
slicker, but instead of being ground like it, the edges are very carefully removed, so 
that while, from end to end, it preserves nearly a right line, it is circular across the 
edge. The stone (a fine pebble) is little used now, plate-glass being substituted for it. 
The use of "the tool just described is to smooth the flesh after the operation by the 
colouring brush, thereby getting rid of any marks made on the surface. 

The next step in waxing is what is called sizing. Size is prepared by boiling glue 
in water— the melted glue is diluted with water to the extent required — in some 
cases it is softened by mixing cod-liver oil with it in cooling. When cold, it is beaten 
up with various ingredients, according to the taste or experience of the waxer; the 
waxer then well rubs the size into the coloured side of the leather, and with a sponge, 
or, more generally, thp fleshy part of his hand, smooths it off. When dry, the slick- 
stone, or glass, is again applied, thus producing a polish on the size ; and a very thin 
coat of oU completes the work. In different manufactories different •methods are pur- 
sued, but the above is convenient and satisfactory in almost all circumstances. It is 
now ready for the shoemaker. 

Leather intended to be blocked on the grain, is left folded np when dry after stuff- 
ing. Some years ago it was the custom to stain these kinds of leather, while wet in the 
scouring-house, by spreading stale urine over it and then applying a solution of copperas 
(sulphate of iron). That method is now exploded. The dry skins or pieces of leather 
are laid on the shop-board : a brush is uswl to saturate the ^ram with urine, or as is 
now more common, a solution of soda in water, and a peculiar preparation of iron in 
solution is afterwards laid over it, which blackens the surlace. It may be observed 
that in w’ax-Ieather a body of black is laid on, and rubbed into the flesh ; in grain 
leather the black is a stain. After the blackening, it is necessary to rub a small 
quantity of oil or dubbing over the blackened surface, then turning the oiled grain 
toward the table, a sharp slickcv is used on the flesh side; the leather sticks to the 
table by meart of the ’oil, and the slicker is driven so smartly over it, that it is stretched 
on ijie table, at the same time th^t the grease is removed. It is quite an important 
point to ta^e all the stretch out of the leather in this operation, after which it is turned 
over ; the f^le is covered with a very thin coat of hard tallow, a roil of tallow being 
rubbed over the table, for the purpose of J^yeping the leather fastened to it. A dull 
slicker is used on the grain to remove remaining marks and wrinkles, or to smooth. 
any coarse appearance on the grain; a sharp slicker removes all the grease, and a 
thin coat of weak size, made of glue dissolved ia water, is spread over it and the pro- 
cess, usiwilly called seasoning, is completed. Ths^next object is carefully to dry the 
seasoned leather, and in this state it may be stored without injury. 
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The next step^is very similar to that described in the case of tea/ leather ^ and called 
■whitening ; — it is then softened by ^leans of a fine graining- board, or a board ot the 
same shape and size covered with cork,^he grain side is placed next the table, and 
the flesh doubled against the flesh, and thus driven forward and backward until the 
required degree of suppleness is obtained. The loose particles of flesh are brushed off 
and a slicker carefully passed over the grain removes all marks of the last operation. 
If a sufficiency of stuff has not been applied in the drying-loft, the deficiency i^emedied 
by a coat' of tallow-dubbing now spread over the grain and allowed to remain some hours. 
As the leather absorbs the oily matter a hardened coat of grease has to be removed 
by the aid of the slicker. The leather is then sized, and a verj^hin coat of oil spread 
over the size, completes the operation. 

In the preparation of various kinds of leather, or of leather for particular purposes, 
the currier has particular appliances. Harness leather is considerably drj'er than 
other kinds before stuffing, and is subjected to immense labour by the stock-stone and 
slicker, to procure a smooth grain. It is blackened when dry like other grain leather, 
but instead of the oiling and other processes described, the hardest tallow procurable 
is rubbed into it, stoned with a fine pebble, slicked, and tallow again rubbed into it by 
the hand. When dry after this operation, the grease is slicked from the flesh side, 
and a repeMtion of the tallowing,^stoning, and rubbing finishes the work. 

Saddle leather, which is cut into comparatively small pieces, after hardening in the 
drying loft, is passed throtigh a very different process from any described previously. 
The skin of the hog is much used for certain parts of hackney saddles, and the 
bristles, when removed by the tanner, leave indentations, or even holes in the tanned 
skin. Probably it was deemed desirable to obtain some imitation for the parts of the 
saddle where the hog skin was not suitable. The skin of the dog-fish (Set/Uium, 
Cuv.), to some extent supplied the imitation, having hard tubercles on its surface. 
At first the skin, was laid on the leather and lustily pressed into it by rubbing it with 
a pebble or plate of glass \ at length a press was invented, and more recently various 
methods have been proposed to produce the best effect. We have here {fg. 1122) a 
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representation of one of these presses, w^iich may otand as a type of all others ; a a 
are the feet into which the uprights are inserted; b h are the two upright sides tied at 
the top by c, a similar cross pieeg ties them a little above the feet; d is a leaf 
fastened wirh hinges, which closes upon c when the press is not in use; e e are screws 
which press on the iron plate, in wnichthe axes of the roller y’are inserted ; fliese plates 
vinbedded in the uprights b b have considerable plat/, &o as to allow the rollersyft 
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mdre or less pressure as the case may require. The dotted line i i', J%presents an iron 
bar or cylinder, supplied with a small cog whefl at t', and a crankJtandle j, this is 
turned round by the hand, and the small cog wheel acts on a larger one k, which is 
attached to the axis of the roller /: yis a solid roller of hard wood, such as lignum 
vita; upon this cylinder is strongly glued the fish skin, previously alluded to ; A is a 
cylindrical solid piece of wood covert with stout flannel ; / is a piece of leather on 
which the leather to be pressed is plaeed; when all is adjusted the piece to be pressed 
is placed on /, the handle is moved slowly round, and the whole is carried between 
the rollers; the leatl^r thus receives the imprint of the fish skint attd at the same time 
becomes extremely solid. After drying, this is fit for the saddler. 

Of late years the currier has undertaken an office which was previously the 
business of the bootmaker; namely, the blocking of boot fronts. This is performed by 
the instrument represented by fig. 1123. The leather is first dressed, as previously 
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describedfup to the point of being ready for whitening. The fronts are then cut (fig, 
1123 o), and when folded or doubled appear as^g. 1 123 6. I' 1 1, is a strongframe- 
work; 2, represents a pair of cheeks, strongly fastened in the frame, and regulated as 
to distance by a screw ; these cheeks are lined with zinc ; 3 is a strong plate of metal, 
the angle at 3 corresponding exactly with tSe angle of the cheeks ; the ends of this 
plate a:^ fixed in movable plates passing down the columns 1' 1'; 4 is a handb by 
which the instrument is worked, and which by cog-wheels acting on the movable 
plates brings 3 downwards. The/ro«^ a, is laid, after a thorough soaking in water, 
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orer the rheek#2, the handle Ix'inv turncii, 3 down up<^n th.* ■‘ront/iud 

f<»rce« it through the small o/H'ning twt*en iheclMvW-i. and «h«n trou^rhi 'Hit Ih-Iow 
llie cheeks, it has the appednuu't* here ptven'\' Ji^. I IJ i « ) The plate t h k' me carried 
the front between the cheeks, is remori^tl and the w»>*fhl > a<k»L»u m 

bringing the perpendicular movable plaU's to tluir pljce, when .3 i% pul in 

position; and thus the operation is rapudly carried '*i» After tin-* th*- an? 

regularly placed on a A/tcA, being forceil into ixi’.jt.on bj an iii*triniicni cah'-^l the 
Jlounder {/ig. 1124) and tucAed to their place ; alter lliss they are sligbliy oiied and 
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dried. Some ingenious methods hare been adopted for sofloning the fronts, so as not 
to disturb the b/ocAtny. They are whitened on a very sloping haimifio- II2'>\ which 
enables the irorkmaa to hold them better th&n be could od the common Ivam. They 
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are again blocked by the waxer^ and when these processes are carefully fv'rformed, 
much trouble is saved to the boot-maker. Of course, in a manufactory many ap- 
pliances are found which are not here meiTlioned ; the general idea, however, may be 
easily gathered from this description. The work is dirty and very laborious, re- 
quiring great skill and experience, and- consequently ^od workmen have generally 
commanded better wages than other^echanics. ^ 

riides intended for covering coaches arc shaved as thin as shoe bides, and clacked 
on the grain. — H. >f. 
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ijrvTHKU TlSd. This operfttjoD js employed s-ometimcs upon certain 

port- nf K;itli«T for r-* for tHiokbindcnsSheatb^makers^ and always lo give auniforoi 
ihu’hncNs t<i ilif [<*u'.|ur d- stin'-d for the c<Ht<»n and wool card-iiiakers. 

I'njs. i 1 127, 1 12?', 1 12^ ri*jm*K*nt a well contrived machine for that purpose, of 
which fit] ll'-'C ^how ^ the front view, ^'< 7 . 1 127 a view from the left side. fiy. 1129 a 
ground plan, and fit:. \ 12s a vertical section across the machine. <i is a strong table, 
furinshe<7*with four legs 6, w hich to the right and left hand bears two horiaoDtal pieces c. 


Each of these pii ccs is cut out in front, so as to form in its substance a half*round fork, 
(hai receives a cv lindi-r </. c.\rr\ ing on Its end a toothed spur-wheel c. Motion is com* 
iniimcated to the w heel by means of the handle /, upon whose axis the pinion t is fixed, 
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working into the wheel d, made fast to the end of the cjlinder round which the leather 
is rolled. The leather is fixed at one of its ends or edges to the cylinder, either with 
a wedge pressed into a groove, or by a movable segment of the cylinder itself. 

The table, a, is cut out lengthwise with a slot, that is widened below, as shown in 
fij- 1128. 

The knif^ A (Jigs. 1 1 28 and ll29) is fixed Bat njwn the table with screw holts, whose 
heads are conntersun'k into the table, and secured with taps beneath (Jig. 1128), the edge 
of-he knife being placed horizo.‘’tally over the opening, and parallel with it. 

ln.^S.5J128 the leather. A, is shown advancing against the knife, getting split, and has 
a portion coiled round the cylinder, which is made to revolve in proportion as the 
leather is cleft. The upper peCtion of the. leather is rolled upon the cylinder d, while 
the under half, /, falls through the oblong opening upon the ground. 

In regahiting the thickness of the split leather, the two supports, m, act •, they are 
made fast to the table a (one on each side of the knife), and are mortised into the table 
by two tenons secured beneath. These suppori^ are furnished near their tops with 
keyed slots, by means of which Jhc horixontal iron rod o (Jigs. 1126, 1128) is secured, 
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andoatside of uprights they press upon the springs which tend to raise the /Ivi. o, 
in its two end slots ; but the adjusting^screws which pass down through the tops of the 



supports into the mortise n {fig. 1128), and press upon the upper half of the divided 
tenon, counteract the springs, and accordingly keep the rod o exactly at any desired 
height or level. The iron rod o carries another iron bar, r, beneath it, parallel and 
also rectangular,^^. 1128. This lowerbar, which is rounded at its under face, lies updTi 
and presses the leather by the action of two screws, which pass through two upright 
pieces s 1126 and 1 128) made fast to the table ; thus the iron bar r may be made 
to press forwards the edge of the knife, and it may be adjusted in its degree of pressure, 
according to the desired thickness of the leaf of split leather that passes through 
under it 

Fig. 1128 shows that the slant or obliquity of the knife is directed downwards, over 
one of the edges of the oblong opening g ; the other edge of this opening is provided 
with an iron plate 1128, 1129), which serves to guide the blado in cutting the 

leather to the proper depth. For this purpose the plate is made adjustible by means 
of the four springs u{Jig. 1129) let into the table, which press it downwards. Four 
screws, n, pass down through the table, each belonging to its respective spring u, 
and by means of these screws the plate t may be raised in any desired degree. Each 
of the screws u has besides a small rectangular notch which a screw bolt x 

passes, by which the spring is made fast to the talde^ Thns the plate t may be 
made to approach to or recede from the knife. 

g. in figs. 1126 and 1128, is a fiat board, laid upon the leather a little behind the edge 
of the plate i ; this board is pressed by the cylinder r, that lies upon it, and whose 
tenons rest in mortises cut out in the two supports a'. The cylinder z is held in its 
position by a wedge orpin, 6 {figs. 1126 and 1127), which passes through the supports. 
When the leather has been split, these pins are removed, and the cylinder rises then by 
means of two counter- weights, not shown in the figures. 

The operation of the machine is as follows : — The edge or end of the leather being 
secured to the cylinder d, the leather itself having the direction upon the table shown 
U28, and the bar r its proper pQsition over the knife, the edge begins to enter in 
this position into the leather, while the cylinder d is moved by the handle or winch, and 
the piece gets split betwixt the blade and the roller d. Wben the other end of the 
leather, A, advances to the knife, there is, consequently, one half of the leather split ; the 
skin is to be then rolled»off the cylinder rf; it is turned ; the already split half, or the 
end of the leather, ky is made fast into the of the cylinder, and the other half is 
next split; while the knife now acts from below, in an opposite direction to what it 
did at first. 

That the unrolling of the leather from the cylinder, (f,may not be obstructed by the 
pinion i, the stop-wedgec (^^5,1126, 1127) is removed from the teeth. In the process 
of splitting, the grain side of the leather is uppermost, and is therefore cut of an uni- 
form thickness, but the under side varies in thickness with the ioequalitjfc-of the skin. 

Several other ingenious contrivances have been introduced for this purpose, illus- 
trated descriptions of which have been given by Hebert, who states that a splittSig- 
machine, long used by the Messrs. Bevington, of Bermondsey, had been m^e to split 
sheepskins into three equal parts, one of which, that on the grain side, might he used 
as leather ; the middle portion converted iflto parchm"ent ; and the slice on the flesh 
side, being noeqaal m thickness, and therefore unfit for any better use, being used for 
glue making. In this machine the skip is drawn between two revolving rollers, and 
presented, as it emerges from their grasp, to the edge of a long and very shapp knife, 
which is kept continually moving a little backwards and forwards with great velocity. 
As a skin of unequal thickness could not be grasped the proper manner between two 
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peij^ctly true anc/ rigid rollers, the upper roller, instead of being solid, is composed 
of a number of circular discs or tings of metal, ^bout half an inch Aide, slipped on 
to an axis rather smaller than the holes in ^heir centres, but compelled to revolve with 
it by means of what niay be termed a planetary axis, which is a rod passing loosely 
through holes in the whole senes of discs, between their centre and their circumfer- 
ence, and so connected with tlie axis by its ends as to be carried round with it By 
this contrivance the upper roller is enabled to adapt its surface to that of the skin, 
which is everywhere pressed with an equal force, dne to the weight of the discs of 
which the upper roller is composed. It is stated in the Penny Magazine “that this 
machine will split a Sheepskin of the ordinary size in about two minutes, during which 
time the knife makes from two to three thousand vibratory motions to and fro.” 
This machine is said to be the invention of Lieutenant Parr. Another contrivance 
is known as Duxbury’s Patent Skin Splitting Machine, in which the knife consists of 
a series of plates of steel, so attached to the periphery of a wheel or disc, seventeen 
feet in diameter, as to form a gigantic cutting instrument, resembling a crown or 
trepan saw, the compound blade projecting horizontally from the rim of the wheel 
parallel to its axis. The skin to be split passes round the circumference of a hori- 
zontal drum, the axis of which is at right angles with that of the great disc, and lies 
very nearly in the same plane with its face, and'Vhich instead of being ^rfectly 
c} lindricai ha.s its sides so hollowed as to present a concavity perfectly tallying with 
the curvature of the periphery of the disc. As therefore thq^drum revolves it brings 
Uie skin, which is confined closely to its concave surface by a contrivance somewhat 
resembling the upper roller in the machine above described, in contact with the edge 
of the revolving knife, which cuts by a continuous onward movement, instead of a 
sawing action backwards and forwards. The extreme nicety required to fix the con- 
cavity of the feeding roller to the edge of the circular knife, and to keep the knife or 
cutter itself perfectly true in shape, appear to be the chief objections to this ingenious 
cor.trivance. — Penny. Cyc., Suppi., Leather. 


Exports of Leather of British Produce and Manufacture in 1850 and 1851: — 

Quantities. Declared Value. 

£ £ 


J>*at>»er, unwrought 
Wrought, viz gloves 
Of other sorts 
Saddlery and harness 


18 ^ 0 . 1851 . 

cwts. 32,205 25,525 

lbs. 31,U4 27,141 

lbs. 1,619,463 1,625,565 


18>0. l»5l. 

181,737 152,070 

18,821 19.781 

284,347 288,543 

123,960 138,186 


It may not he uninteresting to compare these figures -with the imports and exports 
in 1856 and 1857, ending December 1st. 

Imports into the United Kingdom: — 

Hides, dry - - - 

Hides, salted - - - 

Leather - . - 

Boot fronts . - - 

Boots, shoes, and goloshes of 
all kinds - - pairs 



18.56. 

1857. 

cwts. 

219,370 

297,783 

»» 

427,7.34 

16,766 

lbs. 

3,493,589 

5,500,010 

pairs 

646,154 

606.992 

} 

182,485 

200,661 

• 


The whole of which are free from import duty, except, 


5. d. s. d. 

Boot fronts - - - 1 9 to 2 9 per^dozen pairs. 

Women’s boots and shoes -•w 4 6 „ 7 6 ,, 

Men’s do. do. - 7 0 „ 14 0 „ 


Exports from the United Kingdom : — 

^ 1856. 

Hides, dry - - - cwts. 128,952 

Hides, salted - - - „ 37,996 

Sritish Mamifacture. 

Quantities. 


Leather, nnwrought - 
Leather, wrought 
Saddlery and harness - 


1856. 1857. 

cwts, 33,455 34.820 

Ibf. 5,931,810 8,090,795 


1867. 

121,600 

59,413 


Declared value. 

£ £ 

1856. 18.i7. 

294,703 331,873 

1,122,084 1,700,928 

253,342 294,617 

” H. M. 


LE 4.THER. VEGETABLE. Under this ngpie a new material, composed of India 
rubber spread upon linen, has been introduced. Of this the Mechanics Magazine 
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■writes : — “ Having seen some specimens of these leathers, as well a^.various articltfs of 
utility manufacfured therewith, we^have been induced to pay the extensive works of 
Messrs. Spill and Co., the eminent Govenjment contractors, on Stepney* green, a visit, 
in order to cull sufficient to place upon record the present position of artificial as a sub- 
stitute for real leather. The face and general character of the vegetable leather 
resembles the natural product so closely, that it is only by actual examination that the 
difference can be determined. This is more particularly the case in that description 
which is made for bookbinding, the covering of library tables, and like purposes. 
Amongst other advantages it possesses over leather proper, may be mentioned, that 
however thin the imitation is, it will not tear without consideralrle force is exercised ; 
that it resists all damp, and that moisture may be left upon it for any period without 
injury, consequently, it does not sodden or cockle, is always dry, and its polish is 
rather increased than diminished by friction. Add to these facts, that any attempt to 
scratch or raise its surface with the nail, or by contact with any ordinary substance, 
will not abrade it, and enough will have been said to justify its entering the list against 
an article of daily use, which has of late years been deemed far from sufficient for 
the demand, and has consequently risen in price to the manifest loss and injury of every 
class of tne community. \Ve believe that the largest entire piece of real leather that 
can be cut from a bullock’s hide, i^not more than 7 feet by 5 feet, and this includes the 
stomach and other inferior parts. Vegetable leather on the contrary, is now produced 
50 yards in length, and yard wide, every portion being of equal and of any required 
thickness, and the smallest portion is convertible. We were agreeably disappointed* 
however, to find that instead of vegetable leather being a discovery requiring the aid 
of ourselves and contemporaries, it was, although so young, an active agent in the 
fabrication of numerous articles of daily requirement, and that it had already become 
the subject of large, indeed we may say enormous, contracts. Caoutchouc and naphtha 
are used in its manufacture ; but by a process known to the senior of the firm, who is 
himself an accomplished chemist, all odour is removed from the naphtha, and the smell of 
vegetable leather is rendered thereby less in strength, if anything, than that of leather. 
The principal objects to which it is at present applied, although it is obvious it will take a 
wider range of usefulness than leather itself, are carriage and horse aprons, antigropola, 
soldier’s belts, backets which pack flat, harness of every description, bookbinding, &c. 
For, the latter, its toughness, washable quality and resistance to stains, render it 
remarkably fitted. Its tluckness, which may be carried to any extent, is obtained by 
additional ba ckin gs of linen, &c.t ce m e n ted with the caoutchonc, and its strength is 
somahing marvellous, while in the all-important commereial jriew, it is but one-third 
the price of leather. Many of the articles we were shown p06aeSse4 the' appearance 
of much elegance and finish j but it was curious to observe, fibat -although most of 
them could be made without a stitch, and within the factory itself, a deference to the 
feelings of the workmen in the several trades has been shown by the firm, and the 
material is given out as ordinary leather, to undergo the process of the needle, which 
it submits to with a greater facility than its original prototvpe.” 

LEDUM P ALUSTRE. This plant is employed in Russia to tan the skins of goat.s, 
calves, and sheep, into a reddish leather of an agreeable smell ; as also in the prepa- 
ration of the oil of birch, for making what is commonly called Russia leather. 

LEER. An arched building, forming an annealing furnace, in which glass is 
tempered or annealled. 

LEGUMINE is the name of a vegeto-alkali supposed to exist in leguminous plants. 

LEMNIAN EARTH. A yellowish-grey earth, obtained from Lemnos by the 
Greeks. It is very similar to fuller’s earth. 

LEMONS. The fruit of the Citrus /inwnum. Both the juice and the peel of the 
fruit are employed medicinally, and in the preparation of lemonade. The quantity of 
lemons imported cannot be ascertained from the Custom House returns, as they are 
reckoned together with oranges. See Citric Acid, and Oils, Essential. 

Lens. {LentUle, Fr. ; Linsenglas, Germ.) Lenses are transparent bodies, usually 
made of glass, which by their curvature either concentrate or disperse the rays of 
light. Lenses are of the follo'wing kinds. Douhlr convex, having the same or a 
different degree of convexity on either side. Plano convex, having one ^lane and one 
convex surface. Concavo convex, having one concavg and one convex side, comragnly 
called meniscus lenses. Plano concave, having one plane surface and one cleave one; 
and the double concave lens. ^ 

The first three, which are thicker in the middle^than at the edge, are converging 
lenses, because they occasion the rays of nght to converge in passing through them. 
The others which a?e thicker at the edges than in the middle, and therefore cause the 
pencils of light refracted through them'lo diverge, are called diverging lenses. 

For the most complete examinationi of the laws regulating the construction lenses, 
and the action of these on the rays of light wc must refer the reader to Sir John 
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Her^ibers admirable treatise on Light in the Encyclopedia MetropoUtana, In this work 
we have only to deal with the mode of manufact^riDg the ordinary '^afteties. The 
spherical surfaces are produced by grindii^g them in counterpart tools, or discs of 
metal, prepared to the same curvature as the lenses. For the formation of the grind- 
ing tools, a concave and a convex template are first made to the radius of the curva- 
ture of the required lens. The templates of large radius, are sometimes cut out of 
crown gla^. More usually the templates are made out of sheet brass, the templates 
of long radii are cut with a strong radius bar and cutter, and those of only a few 
inches radius are cut in the turning lathe. The brass concave and convex gauges are 
cut at separate operations, as it is necessary to adjust the radiiw to compensate for the 
thickness of the cutter, and the brass templates are not ns\>ally corrected by grinding, 
as practically it is found more convenient to fit the tools themselves together. The 
templates having been made of the required radius, are used for the preparation of the 
grinding and polishing tools, which for concave lenses consist of a concave rough 
grinding tool of cast iron called a sheli 

A pair of brass tools is however the most important part of the apparatus. One of 
these is concave and the other convex, made exactly to the curvature of the templates 
and to fit each other as accurately as possible. The concave tool is ns^ as the 
grinder for correcting the curvature of the lenses af^ they have been roughly figured 
in the concave shell, and the convex tool is employed for producing and maintaining 
the true form of the concave grinding tool itself, and also tha^f the polisher. These 
polishers are adjusted with great accuracy. The concave tool is placed upon the 
convex, and they are first rubbed together dry, so that by the brightened parts the 
inequalities may be distinguished, they are then ground true, first by means of emei^ 
and water, and then with dry emery. 

The following figure (1130) represents those tools, which are fitted with screws at 
the back so that they can be fixed upon pillars, in connec- 
tion with the machinery for giving motion to them. 

By grinding with sundry niceties of motion which are 
required to produce the best effect, such as the production 
of motion which shall resemble as nearly as possible the 
kind of stroke which would be given by the hand, these 
tools are eventually brought to true spherical figures 
which fit each other exactly. 

The glasses for lenses, being selected of suitable quality, 
they are brought to a circular form by means of flat pliers 
called thanks. The pressure of the pliers applied near the 
edges of the glass causes it to crumble away in small 
fragments, and this process, which is called sAanAmy or nibWing, is continued until the 
glasses are made circular, and of a little larger diameter than the finished size of the 
lenses. 

A cement is made hy mixing wood ashes with melted pitch. Some nicety is required 
in the adjustment of the proportion, since the cement must not be too adhesive, nor must 
it be too hard or too brittle ; generally about 4 lbs. of wood ashes to 14 lbs. of pitch are 
employed. This when melted is poured on one side of the glasses to be ground, in 
small quantities at a time, until a sufficient quantity adheres to the hack of the lens 
to form a handle. The glass is rough ground by rubbing it within the spherical 
shell. The glass is rubbed with large circular strokes, and the Ml is usually placed 
within a shallow tray to catch the loose emery or polishing powder which may be 
employed. When one side is rough ground in this way, the glass is warmed to detach 
it from the handle, which is transferred t^the other side and the operation repeated. 
When both sides are thus rudely formed, the lenses are cemented upon a runner. 
The best object glasses for telescopes are ground and polished singly, while as many 
as four dozen of common spectacle glasses are ground and polished together. When 
many are thus fixed on one runner, the number must he such 
as will admit of their being arranged symmetrically around 
a central lei^, as 7, 13, or 21, or' sometimes 4 form the nucle^ 
and then the numl^rs run 14, 30. Lenses of ordina^ quality 
ar^ usually ground true and p^ished seven at a time. This 
runner Wilh its lenses attached is shown in Jig. 1131. 

The cement at the hack of the lenses is first flattened with a heated iron. 
cast iron runner is heated jus? sufficiently to melt the cement, and carefully placed 
upon the cemented hacks of the lenses. As soon as the cement is sufficiently softened 
to adhere firmly to the runner, it is cooled with a wet sponge, as the cement must only 
be so %• fused as to fill up the spaces nearly, Out no4 quite, level with the surface of. 
the lenses. The block of lenses is now mountel upon a post, and ground with the 
concave brass too\Jig. 1130, motion being given to it either by the hand or by 
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machinery similar to the sweepinj; motion alrearlv named. the prin-iui^ pn^'tvds 
the tinenesa of^’the emery p^^wder 4irmph>\efl ts jncreajkil, unul \n tiw ix-^i ration it 
is sufficiently fine to prepuce a semi-ptjiishcd surface. This j^rinduijr U-inj? cm- 
pleted soccessfuUy. the lenses have to pohshiHl. The polisher w made hv warm nj? 
a cast irt>n shell and coatins it uniformly aUmt one quarter of an inrh thu k with 
melted cement. A piece of thick woollen cloth is cm to the si*»* of the p«.*l sher and 
secured to it, and pressed into form by working the hras^ tixd wuhin '' hen 
th's is properly adjusted it is covered with very fine!) dividttl putty p)wdtr. ‘•pr.nkled 
with a little water, and the powder worked into the pores of the ch»th wuh the t.imis 
convex tool. Repeated snpplies of putty powder is put «>n T\ie j ol.sh. r until ii Is 
made quite level, and it is frorked smooth with the tool. M.uiy hours ar.* eji|'< i.d-d 
in the proper preparation of a polisher. When completed it placed upt>n the 
of lenses still fix^ to the post, and worked with wide and narrow elljpito.il ‘strokes. 
W'here a very large number of glasses are ground or polished at the s,inu- tune, this 
peculiar motion is imitated by the eccentric movement of a lever att.iclu d to the 
revolving shaft. In the pr«)oesses of grinding and polishing, other materuU beside 
emery and putty powder are sometiiiu^ employed, such as raddtt. an earthy osj.ie of 
iron, the finer kinds of which are much employed in the large lens manufactorv at 
Sheffield. ^ 

Much more might be said on the snbjecl of grinding and polishing Icn^^s. but 
it IS one of those processes of manufacture which scarcely come within the limits of 
the present work. Still it was thought to be of sufficient importance to re\’etve som* 
general notice. The grinding and polishing of the finer varieties of lenws for tele- 
scopes, microscopes, and the like, require extremely nice manipulation. The bc<>t 
account of the processes and of the instruments used is one by the late Andrew 
in the fifty-thii^ volume of the Tran^nction* of the Socirtij of Arin. In a 

Mechanical Manipidation there is also some very excellent prtmtical inform. uuui. 
See Ltchthouse ; Photooraphy. 

LEPIDINE, C*H*N. A volatile fmse, htimologous with chioolinc, found in coal 
naphtha and in the fluid produced by distilling cinchonine with potash. — C. O. W’, 

LEUCMTE. A mineral found in volcanic rocks, containing usually 56*10 of 
silica, 23 10 of alumina, and 21*15 of potash. 

LEUCOLINE, A compound of C'*H*N, produced during the destructive distil- 
lation of coal. See Coal Gai. 

LEUKOL See CKOfoLtim. 

LEVEL (a mining term). An gallery or luffisoalal iMtluiig in a mine. 

LEYIOATION is the mechanical process wherel^ iMUPd aiUiMftaes are reduced 
. to a very fine powder. 

LEWIS is the name of one kind of sheare nsed in cropping woollen cloth. 

LIAS. Under this term are comprehended the strata which intervene between the 
Trias, or New Red Series, and the Inferior Oolite. In the aggregate they are of 
considerable thickness, and occupy a large area in this country, stretcliin" in a north- 
easterly direction frem the sea west of Lyme Regis, in Dorsetshire, to lU-dcar. ou the 
coast of Yorkshire. The strata which compose the Liassic series consist, in the bjwt'r 
part, of compact argillaceous limestone, alternating with or forming laj/ers in clav. to 
a provincial pronunciation of which word the name has probably owes its origin. 
This limestone forms the base of a thick deposit of blue clays and marls, which are 
overlaid by a series of sands and sandstone, called Marlstone ; these in their turn, are 
separated from another mass of sands, which form the uppermost member of the 
group, by a stratum of ^clay, known as the Upper Lias Clay. 

By the term lias, however, is ordinarily ^nly understood the calcareous and argil- 
laceous division, which constitutes the lower section of the entire fonnaticn. 

In an economical point of view, it is of considerable value from its furnishing a 
useful and durable stone, both for building and paving ; for the latter purpose it is 
particularly suited, not only from the large dimensions of the flags it affords, but on 
account of its occurrence in thin layers, which, in many cases, when required for 
rough purposes only, are used in the state in which If’.ey are taken from the quarry, 
without undergoing subsequent dressing. The lime furnished by the blue ITks limestone, 
is also well known, and in great request, some of the^beds possessing the valuable pro- 
perty of forming hydraulic mortars and cements, for manufacturing whic^ it is col- 
lected from the shore and the sea cliffs at Channouth, and largely quarried at Lyme 
Regis and the neighbourhood. ^ «• 

The clayey members of the lias furnish a poor and cold agricultural soil, which is 
chiefly devoted to p^ture, but the land upon the marlstone is, on the contrary, of a 
very rich and fertile descripti<», and'^onstitutes a district, where it prevails, that is 
marked by the luxuriance of its cre^s, and the excellence of the cider it i^Riuces. 
In the upper part, it contains beds of ferroginoiis, brown, calcareous sandstone, which 
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is ii«# r*r s in iho m'i(rhh<*urhoods where it occurs. The sandstone 

i^ .ilwuN s. ujitmT i.-vs <>t 11 It rrujrinous character, l^t in some instances ^^ferruginous 
jiiu'i-dieui j>re\ail‘> to such a degree.asto (tpustituto a valuable ore of iron, as in the 
ricighlH,urho«Kl of Hleulji'im. to which attention has lately been directed by Mr. 
L'jwarii Hull, of the gec»logical survey of Groat Britain. 

lake the inaiI**toue, the calcarwus sands of the upj>ermost portion of the liassic 
sene> al!*o^turni‘‘h a noh agricultural soil. Until recently, these sands were consi- 
tU-retl t<* form the hase of the inferior oolite series, but the researches of Dr. Wright, 
rcmh r it highly probable that they should, with more propriety, be classed with the 
mg rathe"? than with the ciolitic strata.* 
rill* st4ine found at Cotham and other places in the neighbourhood of Bristol, and 
winch lias in consequence received the name of Cvthum mu rMc. and has also been 
V alif.i ruin, or litn<israp€ mur/*/r, from the curious delineations displayed upon polished 
*• «'tions of It. resembling trees, landscapes, &c., is a limestone from the lower part of 
th.- W H. 

MU \ \ I rs. F'rjiiNG liiQt'OK OF. is the bichloride of tin, prepared by dissolving 
ih.tt mcMl with the aid of heat in aqua rtgia^ or by passing chlorine gas through a 
'•ihuinm of muriate of tin till no more gas be absorbed, evaporating the solilfion, and 
ttuu It a'^ide to crystallise. The anhydrous bichfSride is best prepared by mixing 
four parts of corrosive sublimate with one part of tin, previously atl^aigainated 
wnii jll^t so much mercury as to render it pulverisable ‘j^arid by distilling this 
n^Mnre with a gentle heat. A colourless fluli tbe dry bichloride of tin, or the 
pio|HT fuming liquor of Lihavius, comes over. When it is mixed with one-third of 
i!v weight <»f water it becomes solid. The first bichloride of tin is used in calico^ 
irmiiiig Sec (’alico-vhistin<;. 

Mt HKN A certain s»t t)f plants, composed chiefly of cellular tissue devoid of 
spinal vessels, with the stems and haves undistinguishable, are termed Thallogens. 
'rhe>e arc of two kinds, tlie fir^t admitting of two diviMons : — 

1. Aqtmtic thallogens. or such as are nourished through their whole surface by 
wiit<T. are Au.j. /hrm/ tliallogens mmris.hed through their wbole surface b} air 
are Liciikss. 

2. 'Ihalhigens nourished through their ihallus (spawn or mycelium) by juices 
derived from the matrix are Fungi. 

l.ichens are numerous, as (iroutul ItrertcorU Cup tno.M, Tree hmpwfrt, u>ed in 
Siberia as a substitute for hops in brewing ; GyropAera cniplo\ ed by ilie hunters in 
the arctie regions ,as an article of fo^ui. under the name of tnpe de roche ; Heindeer 
nojts, Ictlatid moAS. mucli used in this country as a remedy for coughs ; the Common ‘ 
ytllvw icaU lichen, and some others. 

'I'lio Tificforuil hchens are also numerous. They furnish four principal colours, 
brown, yellow, pur}»le, and blue, 

i.i}frfip}itrra pusitulata and Sticta pultnonaria yield brown colours. The latter, with 
mordants of im and cream of tartar, produces on silk a durable carmelite colour, 
(GuiAourt. ) 

Parmeliii panetira and Evemta vulpina produce yellows, the yellow principle of 
the former being called chnmphanic acuU that of the latter vufpimc acid, 

Il'cdla. Lccanora, Vanolana, Ac., yield purple and blue colours. In this country 
archil and cudbear, purple colours, are prepared. In Holland, a blue colour, liiivus. 

The tollowing is a list (from Vcteim) ot the principal lichens employed by British 
manufacturers of archil and cudbear, with their commercial names : 

ORCHEIXA WEEDS. ^ 

Angola Orchella weed fneiformisy 

Madagascar ,, 

Mauritius „ 

Canary (i?, fmcloria). 

Cape de Verd „ »» 

Azores „ 

Madeira (ditto and/«cj)^rmi>). 

SviTitU America, large and roundi^K. ^twcforiVi). 

South A'^erica. small and flat 
Cape of Good Hope (/?. hypomecha). 

Dr, Stenhouse, to whom we are much mdebted for many important inquiries con- 
neett d with the applications of chemistry, has given the following tpble of the lichens 

* .... . . . , . u_ p- Wriffht io favour of the hansic origin of these sands is purely 

fc ■ , ' hf most natural vrangement is to connect them rather »uh* 

. . .■ W.B. 


Barbary (Mogadore) (7? fi>icA»ria). 
Corsican and Sardinian „ 

MOSSES. 

Tartareous {Lecanora tartina), 
Postulatus (GyropAora pw'/w ata). 
Canary Rock {Parmelia perJatd). 
Corsican. 

Sardinian. 

Norway Rock Moss. 
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Colonlic rnncipln. 

9 

roltHjnng I'n'ir j 


Commerual Name»- 

Locahtj. 

Name* 

ft 

Fomiui*. 

Name*. 

Fi'jmu'* 

Authon’j 

S. American or- 
chella weed. 

Luna, &c. 

■ 

Alpha orsel 
lie arid 


Orceine. 


Sten house. 

Cape orchella weed 

C. of Good 
H'ipe. 

Beta orsel- 
liC and. 


•• 

*■ 

'oleiihonse. 

Angola orchella 
weeiL 

Africa. 

Erythrtc 

acid. 

C“H«09+H0. 


- 

.Stonhouse. 

Perellemofs (Le- 
eanora pareUa.) 

Switzerland 

Lecanoric 

acid. 

CisHfO". 


I 

Sbnnck. 

Tartareoug muss 
( Leennora tar- 

Norway. 

Gyrophoric 

acid. 

C36H1B0». 

” 


Stenhouse. 

iatea,') 







Pustulatoiis moss 

Norway. 





Stenhouse 

{Gyropkorapus- 

itUnia). 






Ragged hoary li. 
chen {Evemia 

Scotland. 

Eremic 

acid. 


- 

• 

Stenhouse. 

prunoitri). 







U sneat Flirtda, plu 
cata, and 

Rein deer moss 
( Cladonitf/tmgi- 

Germany. 

Usnic acid. 

0 

Cwiiroit. 

- 

- 

Rnchleder 
and Heldt 

ferina). 







Ramalina {FastU 
grata calicaris). 

- r * 




* 



See Litmus, Obcheula Weed. 

LICKNER’S BLUE. The Silicate of Cobalt and Potash. 

LIGHT. {Lumiere, Fr. ; Licht^ Germ.) The operation of light as an agent in 
the arts or manufuactnres has scarcely yet received attention. Sufficient evidence 
has hovever been collected to show that it is of the utmost importance in producing 
man}* of the .remarkable changes in bodies which are desired in some case$ as the 
result, but which, in others, are to be if possible avoided. 

There is a very general misconception as to the power or principle to which cer- 
tain phenomena, the result of exposure to sunshine, are to be referred. In general 
i$*regarded as the principle in action, whereas frequently it has nothing what- 
ever to do with the change. A few worts therefore in explanation arc necessary. 
The solar ray, commonly spoken of as contains in addition to its luminoua pou'er^ 

• calorific powcTf chemical power, and in all probability cUctrieal power, (See Actinism. ) 
These phenomena can be separated one frtm the other, and indmdoally studied. All 
the photographic phenomena are dependent npon the chemical (actinic) po'ver. 
Many of the peculiar changes which are effected in organic bodies are evidently due 
to light, and the phenomena which depend entirely on heat are well known. 

Herschel has directed attention to some of the most striking phenomena of light, 
e.specially its action upon vegetable colours. As these have direct reference to the 
permanence of dyes, they are deserving of great attention. The following quotation 
from Sir John Hersehel’s paper “ On the Chemical Action of the Raya of the Solar 
Spectrum, will explain his views and give the character of the phenomena which 
he has studied. He writes — 

“ The evidence we have obtained by the foregoing experiments of the existence of 
chemical actions of very different and to a certain extent opposite characters at the 
opposite extremities (or rather as we ought to express it in the opposite regions) of 
the spectrum, will naturally give rise to many interesting speculations and conclu- 
sions, of which those I am about to state, w^l probably not be regarded as among the 
least so. We all know that colours of vegetable origin are usually considered to be 
destroyed and whitened by the continual action of light. The process, however, is 
too slow to be made the subject of any satisfactory series of experiments, and, in 
consequence, this subject, so interesting to the painter, the dyer, and the general 
artist, has been allowed to remain uninvestigated. As soon, however, as these evi- 
dences of a counterbalance of mutually opp<»ing actirns, in the elements of which the 
solar light consists, offered themselves to view, it occurred to'*me, as 'a reasonable 
subject of inquiry, whether this slow destruction of vegetable tints might not be du** to 
the feeble amount of residual action outstanding after imperfect mutual condensation, 
in the ordinary way in which such colours are presented to light, i. e. to mixed rays. 
It appeared therefore to merit inquiry, whether suck colours, subjected to the un- 
compensated action^of the elementary rays of the spectrum, might not undergo 
changes differing both in kind and in degree which mixed light produces on them, 
and might not, moreover, by such chatj^es indicate chemical properties in the rays 
themselves hitherto unknown. ^ ** 

“ One of the most intense and beautiful of the vegetable blues is that yielded by Ibe 
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Mne^^tals of the dArk vclvetv varieties of the common heartsease {Viola tricolor). It 
is be^fxtractc'd by alcohol. The alcoholic tincture so obtained, after days keep- 
jim in a siopiKTed phial, loses its fine blue ^plour^and changes to a pallid brownish 
red, like tliat of port wme discoloured by age. 

“ When spread on paper it hardly tinges it at first, and might be supposed to have 
lost all colouring virtue, but that a few drops of very dilute sulphuric acid sprinkled 
over it, i^Iicate by the beautiful and intense rose colour developed where they fall, 
the continued existence of the colouring principle. As the paper so moistened with 
the tincture dries, however, the original blue colour begins to appear, and when quite 
dry is full and rich-% The tincture by long keeping loses this quality, and does not 
seem capable of being restored. But the paper preserves its colour well, and is even 
rather remarkable among vegetable colours for its permanence in the dark or in 
common daylight. 

A paper so tinged of a very fine and full blue colour, was exposed to the 
solar spectrum concentrated, as usual (October 11, 1839), by a prism and lens; a 
water-pnsm, however, was used in the experiment, to command as large an area of 
sunbeam as possible. The sun was poor and desultory ; nevertheless in half an hour 
liiere M as an evident commencement of whitening from the fiducial yellow ^ay to the 
mean red. In two hours and a half, the sunshine <«ontinu'mg very much interrupted 
by clouds, the effect was marked by a considerable white patch extendii% from the 
extreme red to the end of the violet ray, but not traceable beyond that limit. Its com- 
m,encement and termination were, however, very feeble, griRiuating off insensibly ; 
but at tlte maximum, which occurred a little below the fiducial point (corresponding 
nearly with the orange rays of the luminous spectrum), the blue colour was completely 
discharged. Beyond the violet there was no indication of increase of colour, or of any 
other action. I do not find that this paper is discoloured by mere radiant heat 
unaccompanied with light.” 

Dr. George Wil'^on of Edinburgh made some exceedingly interesting experiments 
on the uijluence of sun Ivjht orer the action of the drp gases on organic colours. The 
results arrived at -were communicated to the British Association, and an abstract of 
the communication is published in their transactions. The experiments were on 
chlorine, sulphurous acid, sulphuretted hydrogen, carbonic acid, and a mixture of 
sulphuroas and carbonic acid, oxygen, hydrogen and nitrogen on organic colouring 
matters. “ I had ascertained,” says Dr. George Wilson, the action of the gases 
mentioned already on vegetable colouring matters, so arranged, that both colouring 
matter and gas should be as dry as possible, the aim of the inquiry being to elucidate 
the theory of bleaching, by accounting for the action of dry chlorine upon dry colours. 
In the course of this inquiry, 1 ascertained that in darkness dry chlorine may be kept 
for ihree years in contact with colours without bleaching them, although when moist 
it destroys, their tints in a few seconds (see Bleaching) ; and I thought it desirable 
to ascertain whether dry chlorine was equally powerless as a bleacher when assisted 
by sunlight. The general result of the inquiry was, that a few weeks sufficed for the 
bleaching of a body by chlorine in sunlight, where months, I may even say years, 
would not avail in darkness.” The form of the experiment was as follows. Four 
tubes were connected together so as to form a continuous canal, through which a 
current of gas cOuld he sent. Each tube contained a small glass rod on which seven 
pieces of differently coloured papers were spiked. It is not necessary here to state 
the colours employed, suffice it to say, that all the tubes thus contained seven different 
coloured papers, of different origins, and easily distinguishable by the eye. They 
were arranged in the same order in each tube, and were prepared as nearly as 
possible of the same shade. These papeiswere carefully deprived of every trace of 
moisture by a current of very dry air. The tubes were then filled with the gas, also 
dried, on which the experiment was to be made. One tube of each series was kept 
in darkness, two others were exposed iu a western aspect behind glass, and the other 
was turned to the south in the open air. 

The results were as follows : — In the dark chlorine tube the colours were very 
little altered, and would probably have been altered less had not ffie tube been fre- 
quently exp>sed to-' light for the sake of exanynation. In the western tube, the 
original grey and green wallfli^er papers became of a bright crimson, the blue 
litmus bi;^ht red, and the brown rhubarb yellow. The whole of the chlorine had 
apparently entered into combination with the colouring matters for the yellow tint of 
the gas had totally disappeared* In the southern tube the colour of the chlorine could 
still be seen, the reddening action was less decided, and the bleaching action was 
more powerfully evinced. The general result was that the acti<?n of sunlight is less 
uniform than might have been expected in in-^reasing the bleaching power of chlorine,^ 
or whilwisome tints rapidly disappeared under itSw^ictioQ assisted by light, other colours 
remained, in apparently the very same circumstances, unaffected. 
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Sulphurous acidj if thoroughly dried, may be kept for months Cn contact dry 

colours -withuiiiraltering them; uncjer the influence of sunlight it however recovers to 
some extent its bleaching power. 

Sulphuretted hydrogen acts as a weak acid, and readily as a bleacher when moist, 
and becomes inactive in both respects if made dry and kept in darkness. With the 
assistance of sunlight it recovers in no inconsiderable degree its bleaching power. 

Oxygen is a well known bleaching agent, but when dry its action upoii^colouring 
matter in the dark is extremely slow. In sunlight, however, it recovers its bleaching 
power. 

Carbonic acid, when dry in darkness, loses all power on c^T.ouring matter, bat a 
faint bleaching action is exerted by it under exposure to sunlight. 

Hydrogen is without any action when dry upon colours, but it acquires a slight 
decolorising power when exposed to sunshine. 

** The general result,” concludes Dr. George Wilson, “ of this inquiry, so far as 
it has yet proceeded, is, that the bleaching gases, viz. chlorine, sulphurous acid, 
sulphuretted hydrogen, and oxygen, lose nearly ail their bleaching power, if dry and 
in darkness, but all recover it, and chlorine in a most marked degree, by exposure to 
sunlight.*^ 

All these experiments appear tf show that the action of the solar rays on vegetable 
colours is dependent upon the power posseted by one set of rays to aid in the 
oxidation or chemical ^hanges of the organic compound constituting the colouring 
matter. The whole matter requires careful investigation. # 

It is a proved fact, that colouring matters, either from the mineral or the vegetable 
kingdoms, are much brighter when they are precipitated from their solutions in 
bright sunshine, than if precipitated on a cloudy day or in the dark. It must 
not he supposed that all the changes observed are due to chemical action; there 
can be no doubt but many are purely physical phenomena, that is, the result of mole- 
cular change, without any chemical disturbance. 

LIGHT, ELECTRIC. See Electric Light. 

LIGHTHOUSE. The importance of lights of great power and of a distinguish- 
able character around our coasts is admitted by all. One of the noblest efforts of 
humanity is certainly the construction of those guides to the mariners upon rocks 
which Rxist- in the tracks of ships, or upon dangerous shores and the mouths of har- 
bours. 'niis is not the place to enter largely upon any special description of the 
lights which are adopted around our shores; a brief account only will be given of some 
of the more remarkable principles wlueh have been introdnee^ of late years by the 
Trinity Board. i 

The early lighthouses appear to have been illuminated by com or wood fires con* 
tained in “chauffers,” The Isle of Man light was of this kind until 1816. The first 
decided improvement was made by Argand, in 1784, who invented a Imnp with a 
circular wick, the flame being supplied by an external and internal current of air. 
To make these lamps more effective for lighthouse illumination, and to prevent the 
ray of light escaping on all sides, a reflector was added in 1780 by M. Lenoir; this 
threw the light forward in parallel rays towards such points of the horizon as would 
be useful to the mariner. Good reflectors increase the luminous effect of a lamp 
about 400 times; this is the “catopric” system of lighting. When reflectors are 
used, there is a certain quantity of light lost, and the “ dioptric” or refracting system, 
invented by the late M. Augustin Fresnel in 1822 is designed to obviate this eff^^ct to 
some extent: the “ catadioptric ” system is a still further improvement, and acts both 
by refraction and reflexiou. Lights of the firet order have an interior radius or focal 
distance of 36*22 inches, and are lighted by a lamp of four concentric wicks, con< 
Sliming 570 gallons of oil per annum. 

The appearance of light called short eclipses has hitherto been obtained by the 
following arrangement: — 

An apparatus for a fixed light being provided, composed of a central cylinder and 
two zones of catadioptric rings forming a cupola and lower part, a certain number of 
lenses are arranged at equal distances from each c^er, placed upon an exterior 
movable frame making its revolutitjp around the apparatus in a given period. These 
lenses, composed of vertical prisms, are of the same^titude as the cylinder, and^he 
radius of their curves is in opposite directions to those of the cylinder,^ such a 
manner that at their pa.ssage they converge into a parallel pencil of light, all the 
divergent rays emitted horizontally from ^the cylinder producing a brilliant effect, 
like that obtained by the use of annular lenses at the revolving lighthouses. 

Before proceeding “^ith the description of the lenses, the following notices may be of 
interest : — ^ 

The Eddystone I,igbthouse Q^miliw from the Rame Head, on the coast Corn- 
wall, was erected of timber by Winstanley in 1696-98, and was washed away in 
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170^ It was retmlt by Rudyard in 1706, and destroyed by fire in 1755. Tbe pre- 
sent edifice was erected by Smeaton 1757-59. Tallow candles were b^d in the first 
instance for tbe lights ; but in 1807 argaijd lamps, with paraboloidal reflectors of 
silvered copper were substituted. 

The Skerryvore Rocks, about 12 miles south-west of Tyree on the coast of Argyle- 
shire, lying in the track of the shipping of Liverpool and of the Clyde had long been 
regarded ^^ith dread by the mariners frequenting these seas. The extreme difficulty 
of the position, exposed to the unbroken force of the Atlantic Ocean, had alone de- 
terred the commissioners of northern lights from the attempt to place a light upon 
this dangerous spot ;«t)ut in 1834 they caused the reef to be surveyed, and in 1838 
Mr. Alan Stevenson, their engineer, inheriting his father’s energy and scientific skill, 
commenced his operations upon a site from which “ nothing could be seen for miles 
around but white foaming breakers, and nothing could be heard but the howling of 
the winds and the. lashing of the waves.” His design was an adaptation ^ Smeaton’s 
tower of the Eddystone to the peculiar situation, a circumstance with which he had 
to contend. He established a circular base 42 feet in diameter, rising in a solid 
mass of gneiss or granite, but diminishing in diameter to tbe height of 2 ^eet, and 
presenting an even concave surface all around to the action of the waves. Imme- 
diately above this level the walls are 9*58 feet thick^ diminishing in thiclmess as the 
tower rises to its highest elevation, where the walls are reduced to 2 feet in thickness, 
and the diameter to 16 feet. The tower is built of granite fig^m the islands of Tyree 
a^d Mull, and its height from the base is 138 feet 8 inches. In the intervals left by 
the thickness of the walls are the stairs, a space for the necessary supply of stores, 
and a not uncomfortable habitation for three attendants. The rest of the establish- 


ment, stores, &c., are kept at the depot in the island of Tyree. The light of the 
Skerryvore is revolving, and is produced by the revolution of eight annular lenses 
around a central lamp, and belongs to the first order of dioptric lights in the system 
of Fresnel, and may be seen from a vessel’s deck at a distance of 18 miles. — 
Lord De A/nw/eiy, Juror s Beportf Great Exhibitiotiy 1851. 

Some of the lenticular arrangements must now claim attention. Large lenses, or 
any large masses of glass, are liable to stri®, which by dispersing, occasion a loss of 
much light. 

“ In order to improve a solid lens formed of one piece of glass whose section 
is A, »i, p, B, F, E, D, c, A, Buffon proposed to cut out all the glass left white in the 
figure (1132), namely, the portions between mp and n o, and between n o aud the 
left hand surface of be. A lens thus constructed would be incomparably superior 


to a solid one, but such a process we conceive 1^32 11 33 

to be impracticable on a large scale, from the ^ 

extreme difficulty of polishing the surfaces A 

A m, B p, c H, F 0 , and the left hand surface of m A c 

D e; and even if it were practical, the greatest / A. / \ 

imperfections of the glass might happen to j j V \ 

occur in the parts which are left. In order | I 

to remove these imperfections and to construct 11^ V V y j j 
lenses of any size,” says Sir David Brewster, I”® \ / 

“ I proposed in 1811 to build them up of sepa- p t ^ \/ 

rate zones or rings, each of which rings was W 

again to be composed of separate segments, as » “ 

shown in the front view of the lens in fig. 1133. This lens is composed of one cen- 
tral lens A B c D, corresponding with its section d e in fig. 11,33 ; of a middle ring 
G e L I, corresponding to c d e F, and cdbsisting of 4 segments; and another ring 
N p R T, corresponding to A c r b, and consisting of 8 segments. The preceding 
construction obviously puts it in our power to execute those lenses to which I have 
given the name oi pohjzonal lenses, of pure flint glass free from veins ; but it possesses 
another great advantage, namely, that of enabling us to correct very nearly the 
spherical aberration by making the foci of each zone coincide.” — Brewster. 

This description will enable ti!e reader to understand the system which has been 
adopted by Iresnel and carried out by the French government, and by our own com- 
missioners of lights. ^ 

In the fixed dioptric light of Fresnel, the flame is placed in the centre of the ap- 
paratus, aud within a cylindric reflector of glass, of a vertical refracting power, the 
breadth and height of a strip of light emitt^ by it being dependent upon the size of 
the flame and the height of the reflector itself ; above and below 4 s placed a series of 
reflecting prismatic rings or zones for collectii^ the upper and lower divergent rays, 
which, falling upon the inner side of the zone are refracted, pass through the second ' 
side whi!I-e they suffer total reflection, and, passing out on the outer side of the zone, 
are again refracted. The effect of these zones is to lengthen the vertical strip of 
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Jight, the size of which is dependent upon the breadth of the flame^and the heig^ht of 
the apparatu £4 ^ 

In Fresnel’s revolving lighthous^" a large flame is placed in the centre of a revolv- 
ing frame which carries a number of lenses on a large scale and of various curva- 
tures for the avoidance of spherical aberration. With the view of collecting the 
divergent rays above the flame, an arrangement of lenses and silvered mirrors is 
placed immediately over it. By this compound arrangement the simply/j^evolving 
character of the apparatus is destroyed, as, in addition to the revolving flash, a ver- 
tical and fixed light is at all times seen, added to which a great loss of light must be 
sustained by the loss of metallic reflectors. In 1851, MessrsnWilkins and Letour- 
neau, exhibited a catadioptric apparatus of great utility. It was thus described by 
the exhibitors ; — 

The first improvement has special reference to the light, and produces a consider- 
able increase in its power, whilst the simplicity of the optical arrangements is also 
regarded. It consists, firstly, in completely dispensing with the movable central 
cylindrical lenses ; secondly, it replaces these by a single revolving cylinder composed 
of four annular lenses and four lenses of a fixed light introduced between them ; but 
the numl^er of each varying according to the succession of flashes to be produced in 
the period of revolution. r 

The secdhd improvement, of which already some applications that have been made 
serve to show the importance, consists in a -new method of arranging the revolving 
parts, experience having shown that the arrangements at present in use are very faulty* 
A short time is sufficient for the action of the friction rollers, revolving on two 
parallel planes, to produce by a succession of cuttings a sufficiently deep groove to 
destroy the regularity of the rotatory movement. To obviate this great inconvenience 
the friction rollers are so placed and fitted, on an iron axis with regulating screws and 
traversing between two bevelled surfaces, that when an indentation is made in one 
place they can be adjusted to another part of the plates which is not so worn. 

The third improvement produces the result of an increase of the power of the flashes 
in revolving lighthouse apparatus to double what has been obtained hitherto. By 
means of lenses of vertical prisms placed in the prolongation of the central annular 
lenses, the divergent rays emerging from the catadioptric zone are brought into a 
stnught line, and a coincidence of the three lenses is obtained. 

The whole of the prisms, lenses, and zones are mounted with strength and sim- 
plicity, accorately ground and polished to the correct. curves according to their re- 
spective positions, so as to properly develope this beautiful system of Fresnel. The 
glass of which they are composed should ^ of the clearest crystal colour, and free 
from that ^eeu hue which so materially reduces the power of the light, and is con- 
sidered objectionable for apparatus of this kind. The lamp by which the apparatus is 
to be lighted consists of a concentric burner with four circular wicks attached to a 
lamp of simple construction, the oil being forced up to the burner by atmospheric 
pressure only, so that there are no delicate pumps or machinery to become deranged. 

Stevensuns revolving lighthouse. — This apparatus consists of two parts. The prin- 
cipal part is a right octagonal hollow prism composed of eight large lenses, which 
throw out a powerful beam of light whenever the axis of a single lens comes in the line 
between the observer and the focus. This occurs once in a minute, as the frame which 
bears the lens revolves in eight minutes on the rollers placed beneath. The subsidiary 
parts consist of eight pyramidal lenses inclined at an angle of 30° to the horizon, and 
forming together a hollow truncated cone, which rests above the flame like a cap. 
Above these smaller lenses (which can only be seen by looking from below) are 
placed eight plane mirrors, whose surfacessrbeing inclined to the horizon at 50° in the 
direction opposite to that of the pyramidal lenses, finally cause all the light made 
parallel by the refraction of these lenses to leave the mirror in a horizontal direction. 

only object of this part is to turn to useful account, by prolonging the duration 
ot the flash, that part of the light which would otherwise escape into the atmosphere 
above the main lenses. This is effected by giving to the upper lenses a slight hori- 
zontal divergence from the vertical plane of the jsrincipal lenses. Below are five 
tires of totally reflecting prisms, which intercept the light that passes bSow the great 
lenses, and by means of iwp reflexions and an intermediate refraction project thejpi iu 
the shai)e of a flat ring to the horizon. ^ 

S*ei'cnsons fixed dioptric apparatus of the first order (same as that at the Isle of 
May, with various improvements). The^principal part consists of a cylindric belt of 
glass \>hich surroimds the flame in the centre, and by its action refracts the light in 
a vertical direction hpward and downward, so as to be parallel with the focal plane of 
the system. In this way it throws oSt a flat ring of light equally intense in every 
dirtctioQ. To near observers, thif^ action presents a narrow vertical bandN>f light, 
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depending for its,^readth on the extent of the horizontal angle embraced by the eye. 
Th* arrangement therefore fulfils all the condildoDS of a fixed light^and surpasses in 
effect any arrangement of parabolic reflecJipi^. ni order to save the light which would 
be lost in passing above and below the cylindrical belt, curved mirrors with their 
common focus in the lamp were formerly used ; but by the present engineer, the 
adaptation of catadioptric zones to this part of the apparatus was, after much labour, 
successfWIy carried out. These zones are triangular, and act by total reflexion, the 
inner face refracting^ the second totally reflecting, and the third or outer face, a second 
time refracting, so us to cause the light to emerge horizontally. The apparatus has 
received many sma%r changes by the introduction of a new mode of grouping the 
various parts of the frame work, by which the passage of the light is less obscured in 
every azimuth. 

Mechanical lamps of four wicks, are used in these lighthouses ; in these the oil is 
kept continually overflowing by means of pumps which raise it from the oistern below ; 
thus the rapid carbonisation of the wicks, which would be caused by the great heat, 
is avoided. The flames of the lamp reach their best effect in three hours after light- 
ing, i e. after the whole of the oil in the cistern, by passing and repassiqg over the 
Avicks repeatedly, has reached its maximum temperature. After this the lamp often 
burns 14 hours without sensible diminution of the light, and then rapidl^^falls. The 
height varies from 16 to 20 times that of the argand flame of an inch in diameter ; 
and the quantity of oil consumed by it is greater nearly in the same proportion. 

^ In Stevenson's ordinary parabolic t fleeter, rendered holophotal (where the entire 
light is parallelised) by a portion of a catadioptric annular lens, the back part of the 
parabolic conoid is cut off, and a portion of a spherical mirror substituted, so as to 
send the rays again through the flame; while his holophotal catadioptric annular lens 
apparatus is a combination of a hemispherical mirror and a lens having totally-reflect- 
ing zones ; the peculiarity of this arrangement is, that the catadioptric zones, instead of 
transmitting the light in parallel horizontal plates, as in Fresnel’s apparatus, produces, 
as it Avere, an extension of the lenticular or quaquaversal action of the central lens by 
assembling the light around its axis in the form of concentric hollow cylinders. 

Mr. Chance, of Birmingham, constructed a lighthouse which may be regarded as 
Fresnel’s revolving light rendered holophotal. This arrangement was divided into 
three compartments, the upper and lower of which were composed respectively of 
thirteen and six catadioptric zones which produce the vertical strip of light extending 
the whole length of the apparatus, and is similar to Fresnel’s dioptric light. The 
central or catoptric compartment consisted of eight lenses of three feet focal length, 
each of which was the centre of a series of eleven concentric prismatic rings, designed 
to produce the same refractive eflV-ct as a polid lens of equal size. These compound 
lenses were mounted upon a revolving frame and transmitted horizontal flashes of light 
as they successively rotated. The motion was communicated to the frame by a clock 
movement, and performs one revolution in four minutes ; consequently, as there are 
eight lenses, a flash of light is transmitted every thirty seconds to the horizon. 

LIGNEOUS MATTER is vegetable fibre. See Fibre Vegetable. 

LIGNITE. Under Broavn Coal, Boghead Coal, and Coal, the characteristics of 
lignite have already received attention, therefore little further need be said. The 
term lignite should be confined to fossil wood, or, still more correctly to Avood which 
has undergone one of the changes leading towards the production of coal. If wood is 
buried in moist earth there is the production of carbonic acid from the elements of the 
wood, and the wood is changed into either lignite or brown coal. Lignite and coal 
differ chemically from each other. Lignite yields by dry distillation acetic acid and 
acetate of ammonia, whereas coal product only an ammoniacal liquor. {Ktemers.) 
Woody fibre gives rise to acetic acid; therefore, lignite must still contain undecompc»ed 
woody fibre. The following table gives the composition of several well known 
lignites. 


w 

Carbo!!. 

Hydrogen. 

Oxygen and 
Nitrogen. 

Earthy 

matter. 

Chemist. 

Froih Utt^eiler - 
„ Ilunj^ary - 
„ the Rhone - 
„ Meissner 
„ Bovey Heathfield- 

7 ■•9 

67- 3 

68- 6 
67-9 

2-6 

43 

4-9 

s-g" 

S 8 

4 

19-5 

20 1 

19 0 

24 8 

1 

0-8 

1 8 
_ S 

Karsten 

Nomltwicb 

KesenauU 

Grager 

Vaux 


In Prussia, Austria, and many other parts of the continent, lignite forms a very 
« z z 2 
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important prpduct, being largely employed for domestic and fi^r manufacti^ing 
purposes. In fbis country, with the single exception of the Bovey Heathfield formauon, 
^hich is used in the adjoining pottery, Ugpite is not employed. 

LIGNUM-VITiE, or Guaiacum {Guaiacum officinale and G. sanctnni)^ a very 
hard and heavy wood. The fibrous structure of this wood is very remarkable ; the 
fibres cross each other sometimes as obliquely as at an angle of 30 degrees with the 
axis, as if one group of the annual layers wound to the right the next to t^ left and 
so on, with any exactitude. The wood can hardly be split, it is therefore divided by 
the saw, Lignum-vitae is much used in machinery for rollers, presses, mills, &c., and 
for pestles and mortars, sheers for ship’s blocks, skittle balls, arri a great variety of 
other works requiring hardness and strength. 

The gum guaiacum of the apothecary is extracted from this wood. 

LILAC DYE. See Caxico-pbinting, Dteing, and Aniline. 

LIME. Quicklime, an Oxide of Calcium. This useful substance is prepared by ex- 
posing the native carbonate of lime to heat, by which the carbonic acid is ex- 
pelled. 

This o^ieration is performed in a manner more or less perfect, by burning calcareous 
stones in kilns or furnaces. 

Limestone used to be calcined fn a very rude kiln, formed by inclosing a circular 
space of 10 or 15 feet diameter, by rude stone walls 4 or 5 feet high, and filling 
the cylindrical cavity with alternate layers of turf or coal and limestone broken 
into moderate pieces, A bed of brushwood was usually placed at the bottom, Jo 
fiicilitate the kindling of the kiln. Whenever the combustion was fairly commenced, 
the top, piled into a conical form, was covered in with sofls, to render the calci- 
nation slow and regular. This method being found relatively inconvenient and 
ineffectual, was succeeded by a permanent kilo built of stones or brickwork, in the 
shape of a truncated cone with the narrow end undermost, and closed at bottom by 
an iron grate. Into this kiln, the fuel and limestone were introduced at the top in 
alternate layers, beginning of course with the former ; and the charge was either 
allowed to burn out, when the layer was altogether removed at a door near the bottom, 
or the kiln was successively fed with fresh materials, in alternate beds, as the former 
supply sunk down by the calcination, while the thoroughly burnt lime at the bottom 
was successively raked out by a side door immediately above the grate. The interior 
of the lime kiln has been changed of late years from the conical to the elliptical form, 
and probably the best is that of an egg placed with its narrow end undermost, and 
truncated both above and below ; the ground plot or bottom of the kiln being com- 
pressed so as to give an elliptical section, with au eye or draft-h<de towards each end 
of that ellipse. A kiln thus arched in above gives a reverberatory heat to the upper 
materials, and also favours their falling freely down in proportion aS the finished 
lime is raked out below ; advantages which the conical form does not afford. The 
size of the draft-holes for extracting the quicklime, should be proportionate to the size 
of the kiln, in order to admit a sufiicient current of air to ascend with the smoke and 
flame, which is found to facilitate the extrication of the carbonic acid. The kilns are 
called perpetual, because the operation is carried on continuously as long as the build- 
ing lasts ; and draw-kilns, from the mode of discharging them by raking out the lime 
into carts placed against the draft-holes. Three bushels of calcined limestone, or 
lime-shells, are produced on an average for every bushel of coals consumed. Such 
kilns should be built up against the face of a cliff, so that easy access may be gained 
to the mouth for charging, by making a sloping cart road to the top of the hank. 

Figs. 1 134, 1 135, 1 136, 1137 represent the lime-kiln of Rudersdorf near Berlin, upon the 
continuous plan, excellently constructed economising fuel. It is triple, and yields a 
threefold product. Fig. 1 136 is a view of it as seen from above ; Jig. 1 137, the elevation 
and general appearance of one side ; 1 1 34, a vertical section, and/^. 1 1 s:*, the ground 
planmtheline ABCDof^c/. 1134. The inner shaft/^. 1135, has the form of two trun- 
cated cones, with their larger circular ends applied to each other ; it has the greatest 
width at the level of the fire-door b, where it is 8 feet in diameter ; it is narrower below, 
at the discharge door, and at the top orifice, where S is about 6 feet in diameter. The 
interior wall d, of the upper shaft is built with hewn stones tO the he^^ht of 38 feet, 
and below that for 25 feet, with fire-bricks d' dVlaid stepwise. This inner w^all is 
surrounded with a mantle e, of limestone, but between the two there is a ^all vacant 
space of a few inches filled with ashes, in order to allow of the expansion of the interior 
with heat taking place without shattering, the mass '^f the building. 

The fire-grate, ^ consists of fire-tiles, which at the middle, where the single pieces 
press together, lie upon an arched support f. The fire-door is also arched, and is secured 
by fire-tiles, g is the iron door in frofit of that orifice. The tiles which form the grate 
liave 3 or 4 slits of an inch wide fof admitting the air, which enters through tke canal A. 
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Thut a. the canal *, in front of the outlet. Each ash-pit is 

^hcs ThtL inllr*’’ '"n ‘j -""'y ' hecomes filled with 

vi^rout P^nvenfence."' *“ ** 

tal<Tn» ®'s« furnished with iron doors, which are Opened only for 

wd s!r„ 0 ’tl e h’ ' 1“‘«1 -ith loa™ during the burnin^g. The oVte^ 

room for fhp * are not essentially necessary, but convenient, because they afford 

sSs are for^ d f ® a® "I!*''' The several 

Srin^hl Zrd d f™'?u u’ T. covered over with limestone 

ent;; ^ ^ ^ ''ochmen lodge at night. See fig 1 1.37. Some 

the Jh-m"'' hy the upper door others by the Iwer door i r is one of 

the chimneys for the several fireplaces of Hie workmen, t, «, u are stairs 

stron'e. tr!. introduced at top, the mouth of the kiln is surrounded with a 

is kid wkh rn i to prevent the danger of the people tumbling in. The platform 

another raV T’ !?■'' ’'“ggo”* of limestone, drawn by horses to mu upon, x is 

their fire j leafing to another kiln. Such kilns are named after the number of 

mSt nsnat Tu'"® ‘*ofo'd. threefold, fourfold, &c. ; from three to five being the 
^ determined by the number of the 

side tberp i ■ . ' ' ' ' Sides ; and in the middle of each alternate 

Tvivav^* * ' ' * * outlet. ^ cuhic foot of limestone reciuires for 

Wh”^’ five-twelfths of a cubic foot of wood, and one and a half o? turf, 

c D or to f ‘‘ I® *'“* >'"’cstones. to the height 

is c’alcinrf ^ kmdled in a, and kept up till the lime 

Dot thrown U quantity of limestones is introduced, 

over q“i‘c full; while 

kindled^i ^be7“® “ P’ "P’ A turf-fire is now ' 

d'^n the furnaces b. Whenever the upper stones are well calcined, the lime 
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under the fir^level is talsen out, the superior column falls in, a ne’v(‘ cone is pi!e^ up, 
and the proci^^goes on thus withoyt; interruption, and without the necessity of once 
putting a fire into a ; for in the space c b, the linae must he always well calcined. The 
discharge of lime takes place every 12 hours, and it amounts at each time in a three- 
fold kiln, to from 20 to 24 Prussian tonnes of 6 imperial bushels each ; or to 1 30 bushels 
imperial upon the average. It is found by experience that fresh-broken limestone, 
which contains a little moisture, calcines more readily than what has been^Jried by 
exposure for some time to the air ; in consequence of the vapour of water promoting 
the escape of the carbonic acid gas ; a fact well exemplified in distilling essential oils, 
as oil of turpentine and naphtha, which come over with the stean^\)f water at upwards 
of 100° Fahr. below their natural term of ebullition. Six bushels of Riidersdorf 
quicklime weigh from 280 to 306 pounds. 

Anhydrous lime, or, as it is commonly called “ quicklime'' is an amorphous solid, 
varying much in coherence, according to the kind of rock from which it is obtained; 
its specific gravity varies from 2'3 to 3. Lime is one of the most infusible bodies 
which we possess ; it resists the highest heats of our furnaces. 

When exposed to air, quicklime rapidly absorbs water and crumbles into a powder, 
commonly known as slaked lime, "v^ich is a hydrate of lime. 

Hydrate of lime when exposed lo the air absorbs carbonic acid, and after long ex- 
posure it is converted into a mixture of carbonate of lime and hydrate of lime in single 
equivalents. Hydrate oWiine is but slightly soluble in water, 729 to 733 parts of that 
fluid dissolving only 1 part of the lime at ordinary temperatures. 

Hydrate of lime is applied to numerous purposes in the arts and manufactures. It 
is chiefly employed in the preparation of mortar for building purposes. See Mortar. 

The pure limes, prepared from the carbonates of lime, form an imperfect mortar 
suitable only for dry situations. In damp buildings or in wet situations they never 
set (as the process of hardening is technically termed), but always remain in a pulpy 
state. General Pasley says, “ The unfitness of pure lime for the purposes of hydraulic 
architecture has been proved by several striking circumstances that have come under 
my personal observation, of which I shall only mention a few. First, a great portion 
of the boundary wall of Rochester Castle having been completely undermined, nearly 
throughout its whole thickness, which was considerable, whilst the upper part of the 
same wall was left standing, I bad always ascribed this remarkable breach to violence, 
considering it as having been the act of persons intending to destroy the wall for the 
sake of the stone ; but on examining it more accurately after I had begun to study 
the subject of limes and cements, I observed that the whole of the breached part was 
washed by the Medway at high water, and that all the mortar of a small portion of 
the back part of the foot of the wall still left standing was quite soft, bnt that towards 
the ordinary high water level it became a little harder, and above that level it was 
perfectly sound. I observed the same process at the outer wall of Cockham Wood 
Fort, on the left bank of the Medway below Chatham, of which the upper part was 
standing, whilst the lower part of it bad been gradually ruined by the action of the 
river at high water destroying the mortar.” 

ObervaUons on limes, calcareous cements, — The peculiar conditions necessary to 
insure a good and useful mortar for building purposes, and, the peculiarities of the 
hydraulic mortars or cements, will be treated of under Mortar, which see. 

LIMESTONE. ( Calcaire, Fr ; Kalkstein, Germ.) A great variety of rocks contain 
a sufficient quantity of lime in combination to be called limestones. 

Chalk is an earthy massive opaque variety, usually soft and without lustre, and may 
be regarded as a tolerab^ pure carbonate of lime. Carbonate of lime dissolves in 1000 
parts of water charged with carbonic acid. (*^ischof.) Fresenius states that it dissolves 
in 8834 parts of boiling water and in 10,601 parte of water at ordinary temperatures. 

Carbonate of lime is found in nature more or less pure, both crystallised perfectly, 
as in calcspar and aragonite imperfectly ; as in granular limestone ; and in compact 
masses, as in common limestone, chalk, &c. 

Stalactilic embonate of hme, frequently called conejjetionary limestone, is formed by 
the infiltration of water through rocks containing lime, which i^dissolv^ out, and as 
it slowly percolates the rocks into cavemoi^ opening, the water parts with its carbo- 
nate of Hme, which is deposited in zones more or ieS undulated, which have a filCous 
structure from the crystalline character of the concretionary lime. The irng fibrous 
pieces called stalactites show those fibres very beautifully. The stratiform masses 
called stalagmites exhibit a similar structure, variea only by the conditions under 
which they are foriPed. A very remarkable stalagmitic limestone found in Egypt is 
known as oriental alabaster, 0 - 

Tnie Alabaster is a sulphate of lluje (see Alabaster), hut the stalagmitic embonate 
is not unfrequently called by this name. 

Jncrusting concretionary limestones differ but little fr^^m the above. They arc deposits 
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^rom calcareous s^prings -which are common in some parts of Derbyshire, Yorkshire, 
ancFother places. It is a common practice to place vegetable subut^fices in those 
springs ; they then become incrusted -with^arboSite of lime, and are sold as petrifac- 
tions, which they are not. In volcanic districts many very remarkable springs fK 
this character exist. One of the most remarkable is at the baths of San Filippo 
in Tuscany, where the water flows in almost a boiling state ; carbonate of lime here 
appears *p be held in solution *by sulphuretted hydrogen, which flies off when the 
water issues to day. Dr. Vegny has taken advantage of this property of the spring 
to obtain basso-relievo figures of great whiteness and solidity by occasioning the lime 
to deposit in sulphm%moulds. 

Agaric mineral. Spongy limestone. Hock milk, is found at the bottom of and about 
lakes whose waters are impregnated with lime. The calcareous tufa of Derbyshire 
is of this character; it may be studied in every stage of formation. 

Travertino, which served to construct most of the monuments in ancient Rome, ap- 
pears to have been formed by the deposits of the Anio and the Solfatara of Tivoli. 
The temples of Psestum, which are of extreme antiquity, have been built with a tracer^ 
lino, formed by the waters which still flow in this territory. 

Compact limestone has a compact texture, usually an even surface of fr^tture, and 
dull shades of colour. % 

Granular limestone includes common statuary and architectural marhl?, and has a 
texture something like loaf-sugar. (See Marble.) Under those two heads are 
grouped a great number of varieties. ^ 

Oolite or roe stone consists of spherical grains of various sizes, from a millet seed 
to a pea or even an egg. 

Coarse grained limestone. Coarse lias has been referred to this head. 

Marly limestone. Lake and fresh-water limestone formation, texture fine grained, 
more or less dense ; apt to crumble down in the air; colour white or pale yellow; 
fracture rough grained, somewhat conchoidal ; somewhat tenacious. Texture occa- 
sionally cavernous, with cylindrical winding cavities. This true limestone must not 
he confounded with lime marl, which is composed of calcareous matter and clay. 

Siliceous limestone. A combination of silica and carbonate of lime, varying very much 
in the proportions and sometimes passing from cherty limestone into chert. It scratches 
steel, and leaves a siliceous residuum after the action of muriatic acid. 

Stinkslone or Swinestone. A carbonate of lime combined with sulphur and organic 
matter. It emits the smell of sulphuretted hydrogen by a blow or by friction. It 
occurs at Assynt, in Sutherlandshire, in Derbyshire, and some parts of Ireland. 

Bituminous limestone. Limestone containing various hydrocarbon compounds, dif- 
fusing by the action of fire a bituminous odour, and becoming white when burnt 

Limestones of whatsoever kind may be referred to deposition effected by chemical 
change. The immense lapse of time required to form the great limestone ranges of 
this country can scarcely be estimated. Professor Phillips has the followingremarks 
on this : — 

“ It is certain that while the sandstones, shales, coals, and thin oolitic limestones of 
the North York moors were deposited upon the lias, a deposit almost wholly calcare- 
ous was occasioned near Bath. The whole time consumed was the same in each 
locality. We may, therefore, perhaps infer the comparative rate of deposition of the 
oolite and the sandstones. The total thickness of the mass in Yorkshire is about 
7.50 feet, of which about 20 may be called limestone; of that near Bath 480, of 
which nearly half is sand and clay with calcareous matter interspersed. Hence we 
have the proportion of three feet of sandstone deposited in the same time as one of 
limestone. Another instance is afforded* by comparing the' sections of the lower 
carboniferous limestone in Derbyshire and in Tynedale. In the former tract we may 
take 750 feet as the thickness of limestone, with no admixture of sands or clays ; in 
the latter ; the contemporaneous strata are at least 1 ,7 50 feet thick, and contain 367 feet 
of limestone, and 1,283 feet of sands and clays, &c. consequently, 383 of limestone 
correspond in time to 1,283 of sand, clays, and coal, or 1 to 3 3.’* 

The formation of limestone rtider different circumstances is an interesting study. 
Some of our^eat limestone formations indicate a marine, while others verj clearly 
show a fresh water origin. jMr, Jukes, in his Students Manual of Geohyay, says: 

Tile niajujne depositions cf carbonate of lime now taking place are best stndlt d in 
coral reefs. In almost all tropical seas incrusting patches or small banks of li\ing 
coral arc to be found along the^shores, wl^erever they consist of hard rock and the 
water is quite clear. In the Indian and Pacihe Oceans, however, far away from any 
land, huge masses of coral rock rise up from vast and unknown depths, just to the 
level of low water. These masses are often 'Snhroken for many miles in length and .. 
breadth^ and groups of such masses, separated small intervals, occur over spaces 
sometimes 400 or 500 miles long by 50 or 60 in width. The barrier reef along the 
^ ^ " z z 4 
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north-east coast of Australia is composed of a chain of such masses^ and is more j[hao 
1000 miles Icfe^from 10 to 90 miles in width, and rises at its seaward edge *rom 
depths which in some places certainly ex<;^ed 1800 feet. These reef masses consist 
of living corals only at their upper and outer surface, all the interior is composed of 
dead corals and shells, either whole or in fragments, and the calcareous portions of 
other marine animals. The interstices of the mass are filled up and compacted toge- 
ther by calcareous sand and mud, derived from the waste and debris, they^-'ear and 
tear of the corals and shells, and by countless myriads of minute or^nisms, mostly 
calcareous also. The surface of a reef when exposed at low water is composed of 
solid looking stone, which is often capable of being split up and li^ed in slabs, bearing 

no small resemblance to some of our oldest limestones Guided by these 

facts and observations we may form tolerably accurate notions of the mode of origin 
of all our marine limestones, and attribute to them an organic-chemical origin, 
taking into account, at the same time, how easily they may have been subsequently 
altered in texture by the metamorphic action either of water or heat.” Dr. Lyon 
Playfair suggests two additional modes by which a chemical precipitation of carbonate 
of lime might in some places be formed on the bottom of the seas. He says most rivers 
contain small quantities of silicate of potash; and when this is carried into the sea, some 
of the carbolic acid contained theCein may unite with the potash, thus rendering pos- 
sible a precipitation of carbonate of lime in a solid form, and also of silica. Marine 
vegetables also, like terrestrial vegetation, require carbonic acid, and, by extracting 
it from sea water, may reduce the amount in particular localities below that which 
necessary to keep all the carbonate of lime in a fiuid state, and thus render a solid 
precipitation of that substance possible. — De la Beche. 

“Limestones,” says Mr, Jukes, “may be hard or soft, compact, concretionary, or 
crystalline, consisting of pure carbonate of lime or containing silica, alumina, iron, 
&c., either as mechanical admixtures or as chemical deposits along with it. Different 
varieties of limestone occur in different localities, both geographical and geological, 
peculiar forms of it being often confined to particular geological formations over wide 
areas, so that it is much more frequently possible to say what geological formation a 
specimen was derived from, by the examination of its lithological characters, in the 
case of limestone than in that of any other rock. Compact limestone is a hard smooth 
fioe-grained rock, ffenerally bluish-grey, but sometimes yellow, black, red, white or 
mottled. It has either a dull earthy fracture or a sharp splintery and concboidal one. 
It will frequently take a polish, and when the colour is a pleasing one is used as an 
ornamental marble. Crystalline limestone may be either coarse or fine-grained, vary- 
ing from a rough granular rock of various colours to a pure white fine-grained one, 
resembling loaf-sugar in texture. This latter variety is sometimes called saccharinct 
sometimes statuary marble.'* 

Oolitic limestone includes Bath stone, Portland stone, and Caen stone. 

Pisolite is a variety of oolite, in which the concretions become as large as peas. 

Numrnulitic limestone, Clymenia^ Crinoidal limestones are so called from the fossils 
which the rock contains. 

Shell limestone or muschelkalk has its name in the same way from its composition. 

Cipolino is a granular limestone containing mica. 

Majolica, a white and compact limestone. 

Scaylia, a red limestone in the Alps. For the three last see Mardle. 

Limestone, Magnesian, see Dolomite {Dohmie, Fr. ; BUterkalk, Talkspath, 
Germ.), is a mineral which crystallises in the rhombohedral system. Spec grav. 2 88; 
scratches calc-spar; does not fall spontaneously into powder when calcined, as com- 
mon limestone does. It consists of I prrme equivalent of carbonate of lime = 50, 
associated with 1 of carbonate of magnesia~42. 

Massive magnesian limestone, is yellowish-brown, cream-yellow, and yellowish-grey; 
brittle. It dissolves slowly and with feeble effervescence in dilute muriatic acid ; 
whence it is called Calcaire lent dolomie, by the French mineralogists. Specific gravity 
2'6 to 2*7. 

Near Sunderland, it is found in flexible slabs. The principal range of hills com- 
posing this geological formation in England, extends from Sunderland^n the north- 
east coast to Nottingham, and its beds are described as being about 300 feet thiej^ on 
the east of the coal field in Derbyshire, which is near its southern extremity^.r-H.W. B. 

LIME TREE ( Tilia Europea). The well-known linden tree, common toall Europe, 
The wood is very light-coloured, fine a^d close ip; the grain, and when properly 
seasoned, not liabIe,Jo warp. It is much used in the manufacture of piano fortes and 
harps. It is made into cutting boards for curriers, shoemakers, &c., as it does not 
' turn the knife in any direction of the grain, nor injure the edge. 

Lime tree wood is especially usefhl for carving, from its even texture and^freedom 
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from knots. The Jjeautiful works of Gibbons at Hampton Court, at Windsor, and at 
Chatsworth, are executed in lime tree wood. • m 

The no less beautiful works of our celebrate* living wood carver; Rogers, are 
executed in this wood. ' 

LIMOGE WARE. See Pottery. 

LI3IONITE. A name for several varieties of iron ore, such as the brown hmma- 
tite and I^g iron ore. There is much difficulty in distinguishing the various 
kinds of iion ore, they shade so graduaUy one into the other ; but it is clearly a very 
unscientific mode of proceeding to group things unlike each other under a common 
name. 

LINSEYS, sometimes called linsey-woolsey ; being a combination of flax and wool, 
which are woven into coarse cloth, usually employed to clothe those who are entirely 
dependent on public charity. 

LINEN. &e Fi.ax, and Textile Fabrics. 

Linen distinguished from cotton. Cotton may be distinguished from linen or flax by 
immersing the former, well washed and dried, for about a minute in strong sulphuric 
acid. It is then to be withdrawn and washed with water containing a little alkalL 
The cotton will dissolve as a gummy mass, while the linen will retain ilS thready 
texture. ^ 

The manufacture of linens is carried on extensively in the north of IrelSnd, and on 
the continent in Bohemia, Moravia, Silesia, and Galicia. Of the entire production, 
independent of the Irish linen, about five-twelfths are brought*into the market, and of 
this quantity the bulk must be of domestic manufacture, since few great linen manu- 
factories exist in Austria. Within the Austrian dominions, among the linen fabrics, 
table-cloths and napkins, veils, cambrics, dimities, twills, and drills are important 
articles. In the next rank we must place the manufacture of thread, especially in 
Bohemia, Moravia, and Lombardy. The tape manufacture is of less consequence j 
and as to the business of dyeing and printing, that has been almost entirely absorbed 
by the cotton manufacture, and is now in requisition for thread and handkerchiefs 
only. 

As the loss resulting from the processesof weaving, bleaching, &e. is estimated at about 
10 per cent, the net aggregate of these manufactures of linen, thread, &c.,may be assumed 
at, say, 1,037,000 cwt.; of which quantity about 450,000 cwt. come into the market, the 
rest being absorbed by domestic consumption. Since, upon an average of the five years from 
1843 to 1847, there appear to have been imported from abroad only 242 cwt. whereas the 
average of exports for the same period shows 42,609 cwt., it follows that there remained 
for home consumption about 1,000,000 cwt. Thus, on a population of 38,000,000 of 
persons, about 2^ lbs. would fall to the share of each ; but this estimate fallsmuch belijjv 
the truth, when we consider that the national costume in Hungary and Galicia requires 
more than double the quantity we have allowed for. In fact the crop of flax is esti- 
mated to be 10 per cent, higher than is given in the official reports ( but the consump- 
tion of even 3 lbs. per head, which would thus result, is yet smaller than in reality it 
must be. In the imperial army of Austria the quantity used up annually by each man 
averages more than 7 lbs. 

In the above statistics of the manufacture of linen goods no aUowance has been made 
for the extensive production of rope work and the like. 

From the article Flax, reference has been made to this article for available in- 
formation in the statistics of the production of the raw material and of the finished 
article in this country. The following ample tables will fully set forth the value 
of this important manufacture. 

After the information already conveycA to the reader in tue article Flax, what 
has been said with regard to Cotton Mascfactcre, andthe additional matter in the 
article Textile Fabrics, it docs not appear necessary to say anything more on the 
subject of linen manufacture. 


Imports of Flax in 1857. 
Flax dressed : — ■> 


From 


Cwts. 

e 

Russia 

. % 

40 - 

112 

Prussia 

- 

36 - 

101 

Holland 

- 

2,374 - 

6,63.5 

Relginm 


- , 26 - 

72 

Egypt 

- 

339 - 

- , 1,791 

Other parts 

- 

560 - 

1,541 




£10,252 
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Tow and codilla of flax : 



% Trom ^ 

C xt*. 

£ 

Rossta . - - 



Prussia - - - 

n>.’r>i» - 

- 1 M !'» 

Hanover - - - 

- 

, f.,« ■> 

Hanse Towns 

ft,: 15 ' 

- 

Hoiiand . - - 

23.n»i - 

■D.l.'l ' 

Belginm . - - 

- 


Other part* 

I/JIO - 

c 


241.0*<6 

l 154.0'3 

RoDgb and undressed : — 

From 

c«u. 

€ 

Russia . - - 

- 1,081/, 5 7 - 

- I. -7 

Prussia - - - 

263.177 - 

47’. 1*4 

Hulland - 

120.374 - 

- 32o.02'i 

^ Iklgiuni . - • 

120,013 - 

3*):i.:>oo 

France - - ^ - 

24.253 - 

- 7«C*>t»7 

J'.gypt - - ' - 

6,000 - 

7.463 

Other parts 

3.016 - 

7.0:9 


l,620.3-'a 

1 1,1611,427 

Imporfa of Linen in 1857. 


Linen yam ; — 

From 

C«U. 

r'-mp'itrd rral Value. 

Russia * . . 

. 2,487 - 

. £17,111 

Other parts - • 

43 - 

2ftl 


2,5.10 

£17.422 

Linen manufactures : — 

Cambric handkerchiefs, hemmed or hemstitched, not trimmed ; — 

From 

Kumb'-r. 

romputrd roal Value. 

France ... 

86,379 . 

£5,002 

Other parts 

131 - 

fs 


36,510 

£5,020 

• Cambrics and lawns, commonly called French lawns, plain : — 

From 

Square Yards. 

Computed real Yaloe. 

Belgium - - • 

260 - 

£650 

France ... 

18,718 - 

4,679 


21,318 

£5,329 

Bordered handkerchiefs : — 

From 

Square Yards. 

Computed re.nl V’aliie. 

Belgium - - - 

8,508 - 

£1,382 

France - . - 

115,871 - 

18,829 

Other parts 

700 - 

114 

' 

125,079 

£20,325 

Entered at Value. 


Lawns not French : — 

From 


t 

Egypt 

- 

. 147 

China . • - 

. . . > 

- 62.3 

Other parts 

. r - 


Damask and damask diaper : — 


£857 



From 

Stuiare 5’ard$. 

£ 

Hanse Towns 

' 12,1 - 

1,823 

Hollands r " ~ 

1,958 - 

226 

France ... 

^ - 3,025 - 

227 

' 

, 



17,163 

£2,276 


£2,276 



^ils : - 


LINEN. 

Fntcrcd at Value. 


71 


^rnm 
Kiissia 
Xt>r^^ay - 

To\»ns - 

- 



^Uaitcd States 
Australia • 
Other parts 


Plain hncn and (j^aper unenumerated : — 
From £ 


Hanso Towns - 
Holland - 
Helglum - 


r>8 

35 

150 


From 


Other parts 


Not separately specified, wholly or partially made up: — 

£ 

391 


From 
Russia 

H:in‘te Towns * - 2,031 

Holland . • 1,381 

Ikigium - - - 385 

France - • , 6,882 

Ditto, not made up : 

From 

nii<;sia ... 19,297 
Towns - - 5,832 

Holland - • . 1,548 

lli'lpiiim ... 9,854 

Franco . . - 1.5,36 

Turkey Proper - . - 720 


From 

British East Indies 
Other ^rts 


From 

Dnited States 
Malta 
Australia - 
Other parts 


•# 

€ 

1,180 

360 

944 

£5 559 


t 

21 

^264 


£ 

193 

292* 

£11,55*7 


e 

581 

945 

- 2,358 

- 1,667 

£44,348 


I.incn yam ; — 


Exports of Linen, ffc. in 1857. 


To 


I.bJ. 


Valup. 

Russia, northern ports • 


83,047 

. 

£6,578 

Denmark - - - 

• 

303,394 

. 

• 13,636 

Prussia - - , 

- 

318,239 

• 

23,043 

Hanover - - . 


1,296,836 

. 

86,306 

Hanse Towns 

- 

9,142,759 

. 

522,246 

Holland - - - 

• 

4,405,029 

- 

250,784 

Belgium .r . . 

- 

2,072,562 


117,268 

France - . . 

• 

528,980 

. 

- 88,507 

Spain and Canaries 

- 

7,493.534 

- 

389,474 

Sardinia - - - 

- 

933,151 

- 

40,638 

Tuscany - - . 

- 

535,071 

- 

- 24,538 

Two Sicilies 

- 

298,817 

. 

18,794 

Austrian territories 

• 

73,438 

. 

4,013 

Turkey - - - 

- 

133,866 

- 

5,822 

United States 

- 

69,867 

.. 

2,454 

Gibraltar - - . 

- 

1,042,134 

- 

45,363 

Other countries - 

- 

» 178,239 


12,250 



28,908,963 


£1,651,714 


Linen manufactures : — 
White and plain ; — 


To , 

Yards. 

£ 

Rf^ia, northern ports - 

310,013 - 

16,339 

Norway " ' V 

117,326 - 

5,512 

JDenmark - - - 

582,910 - 

16,873 

rrussia - - - 

125,595 - 

6,085 

Hanover - - « 

144,957 - 

- 7,923 

Hanse Towns 

- 3,354 685 - 

182,897 

Holland - - - 

744,525 - 

<• «24,030 

Belgium - - - 

188.864 - 

7,872 

France - - - 

- 1,10.5,1^6 - 

70.910 

Portugal, &c. 

- 1,344,823 - 

32,453 
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White and plain {cmlinutti) — 


% To 

Bpain, &c. - 

■: 


Y4/4i. 

1,677.439 



i 

8‘M‘52 

Sardinia 


. 

740.0h:, 


. 

31. 693 

T uscany 


. 

744 Ly.'t 


. 

•JS.','.!** 

Papal States 


- 

2 18.3 74 


. 


Two Sicilies 


. 

773,ch'» 




Austrian territories 


. 

411.916 


. 


Turkey 


- 

400,63 2 



1 ’..197 

Eftypt 


. 

189.655 


. 

c 7,24 J 

Philippine Islands 


. 

407.09S 



lo.T'H 

China 


. 

519,128 



‘•.6*6 

South Sea Islands 


. 

673,101 



11.13'* 

Cuba - . - 


. 

10,829,176 



375. '.‘»3 

Porto Rico - 


. 

.313.437 


. 

7. .90 

St- Thomas 

- 

- 

6,018.485 



147.164 

Haiti - • - 

. 

. 

2.688,3:i7 



70. 774 

- Untied States 

. 

. 

42.943,492 


. 

1,290. **90 

Mexico 

c . 

. 

1,815.399 



C>.764 

' Central America - 

_ 

. 

245.602 



7.130 

New Qren^a 

. 

. 

1,796,596 



42.971 

Venezuela - 

. 

. 

.1.C.*i3.5f,3 



80.046 

Brazil 

- 

- 

11,540.439 


• 

299.340 

Uruguay - 

- 

. 

416.055 



10.758 

Buenos Ayres 

- 

- 

963,332 


. 

29.965 

Chili - - . 

. 

. 

2.755,475 



75.584 

Peru - . . 

. 

. 

2,254,011 



72.638 

Channel Islands - 

. 


245.980 



12.924 

Gibraltar - 

. 

. 

585,730 



23.964 

Malta 

. 

. 

306,684 



10,770 

British possessions in South 
Africa .... 

825,726 



26.24! 

Mauritius > 

. 

. 

112,976 



3.675 

British East Indies 

• 

• 

1*332,502 



53.063 

Hong Kong 

• 

• 

140,874 



4,567 

Austria - 

• 

• 

8,296,744 



105,939 

66,408 

105,759 

British North America 

• 

2,256,505 



British West Indian islands, &c. 

4,818,537 



Honduras British settlements 

184,984 



4,532 

Other countries • 

- 

- 

709,274 


- 

20,390 

Checked or striped : — 


119,847,975 

- 

- 

£.3,643,785 


TT j c Variis. f 

United States - . . 76,069 - - 1,865 

British possessions in South 

Africa .... 20,652 - - 328 

British West Indies, &c. - 47,400 - - 1,106 

Other countries ... 35.154 - - 1,V)66 


Printedi, stained, or dyed : — 

To 

Hanse Towns 
France . - - 

Cuba - - . . 

Porto Rico . - - 

St. Thomas 
United States 
New Grenada 
Brazil ... 
Australia - - - 

British North America 
British ^esttadian Isles 
Other countries - 


r 179,275 

- 

- 

£4,365 

Yard*. 

77,907 



£ 

1,85-3 

22,412 


- 

2,904 

1,930,204 


- 

70,01 1 

211,-54*1 


. 

4,300 

48.3,046 

. 

. - 

8,4^0 

1,957-645 

- 


55,111 

115,670 

- 

- 

3.01 4< 

3-37,989 

- 

- 

15,353 

61,713-. 

- 

- 

1,500 

2-30,118 

- 

- 

5,793 

452,946 

- 

- 

8,870 

246,011 

• 

- 

7,0-10 


6,127,208 


£184,619 



*» , 
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C^^bric and lairn : — 

T‘ 


Y^rd*. 

« M 

Jar* - - , 

- 

- 15,(>«D - 

i,69r 

('uha - - • 

. 

84.184 - 

4,085 ^ 

I niu**] States 

- 

- 1,183.768 - 

51,110 

New (irenada 

- 

91,596 - 

2,446 

’ntra/il 

. 

34.190 - 

2,266 

huenos Arrcs 


7,225 - 

1,.306 

East Indies 

- 

17,215 - 

913 

Australia ^ - 

- 

44,583 - 

2,718 

nrmf*h West Indict 

- 

20.238 - 

766 

t-Hhcr couatrics - 


84,124 - 

1,582,123 

5,381 

£72,682 

Damask and diaper:-— 

Tn 


YarcU. 

e 

llanKo Towns 

- 

- 51.966 • 

3,301 

l'nit<*d States 

- 

454,6)3 - 

24,005 • 

Australia - 


31,1 - 

2,184 

Rritith North America 

10,970 - 

581 * 

Other coimtriea • 

• 


54,427 - 

603,089 

Yurdt. 

4,757 

£34,828 

t 

Sail cloth, total exports 

- 5,442,327 - 

2.34,845 

Sails ditto 

. 

- - - 

7,667 

Ticking ditto 

- 

57,596 - 

- 1,630 

I.acc of iliroad : — 

r« 


Vard,. 

t 

rusted States 

- 

- 23,365 • 

971 

Hra/il 

• 

- 6,000 - 

124 

Channel Islands • 

. 

18,000 - 

- 450 

Other countries - 


25,532 - 

72,897 

747 

£2,292 

Hosiery, tapes, and small wares; 
To 

— 

€ 

Hanse Town* - 


• • • • 

844 

United States - 


• » . - 

. 1,390 

Peru . . - 


. • . . 

- 1,374 

Other coontrie* 



4,421 

£8,029 

Thread for sewing : — 

To 


Lbs. 

t 

Russia, northern ports 

- 

23,371 - 

2,180 

Norway 

W 

61,383 - 

4,275 

Denmark - 


24,753 - 

2,575 

Hanover 

- 

- 88,116 - 

10,4.38 

Hanse Towns 

- 

- , 864.220 - 

94,332 

HoUand 

- 

3.'>,674 - 

3,258 

Belgium 

- 

31.300 - 

3,405 

Austrian territories 

- 

35,084 - 

3,024 

Turkey 

- 

27.271 - 

1,847 

Cuba - 

• 

57,320 - 

4,736 

St. Thomas - - a 

. 

23,925 - 

1,859' 

l%ited Sates 

- 

- 1,666,089 - 

155,831 

Brazil - - « 

- 

67,143 - 

4,314 

« Buenos Ayres 

- 

- 29,523 - 

1,.563 • 

Gibraltar - 

- 

17,718 - 

1,633 

British possessions » S. Africa 27,222 - 

2,359 

British East Indies 

- 

- 30,076 - 

2,483 

British North America 


113,378 - 

• - • 9, .344 

Other countries - 

% 

* 

437,932 - 

12,682 

% 

•% 


3,361,498 

£322,318 
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LINSEED OIL. 


Unenumerated : — 


r 


% To 

£ 1 

To 

£ 

Hanse Towns - 

- ' 13d 1 

British East Indies 

- 361 

France 

160 

British West Indies 

- 668 

New Grenada - 

480 

Other countries - 

- 528 

Brazil 

. 1,318 


- - 

Gibraltar • 

120 


£3.’f 1 


LINSEED. (^Grainede /m, Fr. ; Zeiwsanw, Germ.) The seed of the flax, Zmi/m 
Ubitatissimum^ which is indigenous to our islands, and is cultivated extensively in this 
and other countries for its seed, and for Linseed containS^ in its dry state, 1 1 265 
of oil ; 0 146 of wax ; 2‘4808 of a soft resin ; 0’.550 of a colouring resinous matter ; 
0*926 of a yellowish substance analogous to tannin; 6154 of gum ; 15-12 of vegetable 
mucilage ; 1 *48 of starch ; 2*932 of gluten ; 2 *782 of albumine ; 10 884 of saccharine 
extractive ; 44*382 of envelopes, including some vegetable mucilage. It contains also 
free acetic acid ; some acetate, sulphate, and muriate of potash, phosphate and sulphate 
of lime : phosphate of magnesia ; and silica. 

LINKED OIL is obtained from linseed by first bruising the seeds, grinding them, 
and subjecting them to violent pressure, either by means of wedges, or of the hydraulic 
or screw press. Cold drawn lin'seed oil is obtained cold, and is paler coloured, less 
odorous, and has less taste than that which is obtained when heat is applied. 

It is usual to employ^a steam heat of about 200'^ Fahr. By cold expression the seeds 
yield about 20 per cent., while by the aid of heat nearly 27 per cent, of oil can''^be 
obtained. The ultimate composition of linseed oil is carbon 76*014, hydrogen 1 1*351, 
and oxygen 12*635; its proximate constituents being oleic and margaric acids, and 
glycerine. Linseed oil is much used as a vehicle for colours by the painter. If 
linseed oil is exposed iu a thin coat to the air it absorbs oxygen and becomes tenacious, 
and in many respects like caoutchouc : upon this property mainly depends its use in 
the arts. To secure this more readily a drying process is adopted, which must bo 
described. 

When linseed oil is carefully agitated witl^ acetate of lead (tribasic acetate of lead), 
and the mixture allowed to clear by settling, $ copious white cloudy precipitate forms> 
containing oxide of lead, whilst the raw oil is converted into a drying oil of a pale 
straw colour, forming an excellent varnish, which, when applied in thin layers, dries 
perfectly in twenty>four hours. It contains from four to five per cent, of oxide of 
lead in solution. The following proportions appear to be the most advantageous for 
its preparation. 

In a bottle containing 4j pints of rain water, 18 ounces of neutral acetate of lead are 
placed, and when the solution is complete, 18 ounces of litharge in a very fine powder 
are added ; the whole is then allowed to stand in a moderately warm place, frequently 
agitating it to assist the solution of the litharge. Th is solution may be considered as com- 
plete when no more small scales are apparent. The deposit of a shining white colour 
(sexbasic acetate of lead) may be separated by filtration. This conversion of the 
neutral acetate of lead into vinegar of load, by means of litharge and water, is effected 
in about a quarter of an hour, if the mixture be heated to ebullition. When heat is 
not applied, the process will usually fake tliree or four days. The solution of vinegar of 
lead, or tribasic acetate of lead, thus formed, is sufficient for the preparation of 2*2 lbs. 
ot drjing oil. For this purpose, the solution is diluted with an equal volume of rain 
water, and to it is gradually added, with constant agitation, 22 lbs. of oil, with which 
18 ounces of litharge have previously been mixed. 

When the points of contact between the lead solution and the oil have been fre- 
quently renewed by agitation of the mixture three or four times a day, and the mixture 
allowed to settle in a warm place, the limpid straw-coloured oil rises to the surface, 
leaving a copious whitish deposit. The watery solution rendered clear by filtration, 
contains intact all the acetate of lead first employed, and may be used in the next 
operation, after the addition to it as before of 18 ounces of litharge. 

By fUtration through paper or cotton the oil ma;^be obtained as limpid as water, 
and by exposure to the light of the sun it may also he bleached- 

Should a drying oil be required absolutely free from lead, it may be obtained by 
the addition of dilute sulphuric acid to the above, ''when, on being allowed to sCand, 
a deposit of sulphate of lead will take place, and the clear oil may be ol^ained free 
from all trace of lead. 

Linseed oil was at one time much usedin the preparation of a liniment, which, as 
it is one of the vmy be?t possible applications to a burnt surface, cannot be too 
generally known. If equal parts of l^mewaler and linseed oil are agitated together, 
they form a thick liniment, whic^ may be applied to the bum with a J)rush or 
feather. It relieves at once from pain, and forming a pellicle, protects the abraded 
parts from the air. The lininientum caicis of the Fharmacopteia is equal parts of 
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liraewater and olive oil ; tills is a more elegant but a less cfifectlve preparation. 
See (^L. ,1 

LINT for Surgery, was formerly prepared by scraping np linen bf l^e ha^d; the 
preparation of it, however, has been made subjfct of a patent by Mr. Thomas Ross, 
which consists in the employment of peculiarly constructed scrapers for abrading thj^ 
surface of the linen cloth, and producing a pile or nap upon it. The scrapers are 
worked a rotary motion. 

Insteao^f rotary scrapers, a reciprocating pendulous movement is sometimes applied 
to a single“scraper. Chisel-formed blades are claimed by the patentee as scrapers for 
raising the pile, by working with the bevel edges forwards, so as to scrape and not to 
cut the fabric. He ISisin the rotary forma l^ge or bed concentric with the axis of 
the scraper, which he also claims ; both of which seem to be serviceable. Several 
kinds of lint-making machines are now employed, but as they all partake more or less 
the above principles they do not require description. 

LIQUATION (Eng. and Fr. ; Saigerung^ is the process of sweating out, 

by a regulated heat, from an alloy, a more easily fusible metal, from the interstices of a 
metal, which is more difficult of fusion. Lead and antimony are the metals most com- 
monly subjected to liquation : lead for the purpose of removing by its superior affinity 
the silver present in any complex alloy ; antimony as an easy means of se^rating it 
from its combinations in the ores. 

Figs, 1138, 1139, 1140, represent the celebrated antimonial liquation lurnaces of 
Malbosc, in the department of Ardeche, in ^ 1138 

France. Fig. 1138, is a ground plan taken at 
the level of the draught holes g g^ fig- 1 139, and 
of the dotted line e f ; Jig. 1139, is a vertical 
section through the dotted line a b, of jig., 

1 138 ; and Jig. 1 140, is a vertical section through 
the dotted line c d of Jig. 113S. In the three 
figures, the same letters denote like objects, a 
a, 6, c are three grates upon the same level above 
the floor of the works, 4} feet long, by lOj 
inches broad ; between which are two rec- 
tangular galleries, d e, which pass transversely 
through the whole furnace, and lie at a level 
of 12 inches above the ground. They are se- 
parated by two walls from the three fire places. The walls have three open- 
ings /, K alternately placed for the flames to play through. The ends of these 


1139 1140 



drops. Their height is from 12 to 14 inches; the width of the mouth is 10 iflches, 
that of the bottom is 6, and the thickness (pur-tenths of an inch. They are coated 
over with fire-clay, to prevent the sulphuret from acting upqji thqjp ; and they stand, 
upon cast-iron pedestals with projecting ears, to facilitate their removal from the gallery 
or platform. Both of these galleries are lined with tiles of fire-clay / /, which al^ serve ' 
as supports to the vertical liquation tubes m m, mjwle of the same clay. The tiles are 
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somewhat curved towards the middle^ for the purpose of receiving the lower ends of 
these tubes, ^d have a small hole at n, through which the liquid S'^lphuret flow^own 
into the cruc^tS. ^ 

The liquation tubes are conical, ttie intrrnal diameter at top being 10 inches, at bot- 
tom 8 ; the length fully 40 inches, and the thickness six-tenths of an inch. They have 
at their lower ends notches or slits, o, fig. 1 1 40, from 3 to 5 inches long, which look out- 
wards, to make them accessible from the front and back part of the furnaces through 
small conical openings p p, in the walls. These are closed during the op^ ation with 
clay stoppers, and are opened only when the gangue, rubbish, and cinders are to he raked 
out. The liquation tubes pass across the arch of the furnace q q-, the space of the arch 
being wider than the tubes; they are shut in at top with fi^-eovers r r, s s, the 
middle part of the arch, immediately under the middle grate, is barrel -shaped, so that 
both arches are abutted together. The flames, after playing round about the sides of 
the liquation tubes, pass off through three openings and flues into the chimney <, about 
13 feet high ; m, being the one opening, and n, the two others, which are provided 
with register plates. In front of the furnace is a smoke flue tc, to carry off the sulphu- 
reous vapours exhaled during the clearing out of the rubbish and slag ; another, x, 
begins oyer y y, at the top of the tubes ; a wall z, separates the smoke flue into 
halves, so that the workmen upoiji^ the one side may not be incommoded by the fumes 
of the othe^f. This wall connects at the same time the front flue w with the chimney 
f. a! a' and V b’ are iron and wooden bearer beams and rods for strengthening the 
smoke-flue, c' & are a*vhes upon both sides of the furnace, which become narrower 
from without inwards, and are Closed with well fitted plates d' d'. They serve «a 
particular circumstances to allow the interior to be inspected, and to see if either of 
the liquation furnaces be out of order. Each tube is charged with 500 lbs. of anti- 
moiiial ore, previously warmed ; in a short time the sulphuret of antimony begins to 
flow off. When the liquation ceases, the cinders are raked out by the side openings, 
and the tubes are charged afresh. The luted iron crucibles are allowed to become 
three-fonrths full, are then drawn out from the galleries, left to cool and emptied. 
The ingot weighs about 85 pounds. The average duration of the tubes is 3 weeks. 
Tnis plan is proved to be an exceedingly economical one. 

LIQUEURS, LIQUORISTE. Names given by the French, and adopted into our 
language, to certain aromatic alcoholic cordials, and to the manufacturer of them. 

^me liqueurs are prepared by infusing the woods, fruits, or flowers, in either water 
or alcohoL and ^ding thereto sugar and colouring matter. Others are distilled from 
the flavouring agents. * 

Many of the liqueors are of very compound chgnieterr as the ftfllowing recipes will 
show. 

Martinique Noyeau : — Put into a stone jar, 

Preserved guavas and their syrup, or the jelly of that fruit - - ^ lb. 

Oil of sweet almonds - - - - - - - - loz. 

Sweet almonds, beaten fine - .- -- -- l 

Bitter „ „ 

Preserved ginger and its syrup - 2 

Cinnamon and cloves (bruised) of each - - - - - ^ 

Nutmeg and Pimento „ „ i 

Jamaica ginger *•*1 

Candied lemon and citron, of each 

White sugar candy (powdered) - - - - - - 14 

Proof spirit of ^ue - - - - - - . 5 quarts. 

Beat the oil with a little brandy, and mix it with the almonds, when beaten to a 
paste with orange flower water. Stop up the jar securely, and let it remain in a warm 
room, or in the sun, shaking it often, for a fortnight. Keep it in the jar for twelve or 
fifteen months ; then strain it, and filter repeatedly until it is as clear as spring water. 
Rinse phials or half pint bottles, with any white ;p^ine, drain them and fill. Cork 
and seal well. In six months it will be fit for use, if reqqired, will improve 
greatly by age. — Robinson. 

Tears '‘jf the Widow of Malabar. — To ten pouTids of spirit (pale brandy), 'idd 4 
pounds of white sugar, and 4 pints of water, adding 4 drachms of powder^ cinnamon, 
48 grains of cloves, and the same quantity of mace ; colour with caramel. 

The Sighs of Love. — Spirit, water, antTsugar as above. Perfume with otto of roses, 
and slishtly colour witb»cochmeal. 

^ Absinthe. — Take of the tops of wormwood, 4 pounds, root of angelica, calamus 
aromaticus, aniseed, leaves of ditt^y, of each, 1 oz. ; alcohol, four gallons^ 

Macerate these substances during eight days, add a little water, and distill by a 
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gentfc fire until t\>o gallons are obtained. This is reduced to a pro(^ spirit, and a 
few drops of the oil of aniseed added. ^ W 

These forms exemplify the character of ^11 kinds of liqueurs. They are colourc^^ 
yellow by the colouring matter of cartkamus. Fawn is produced by caramel ; red^ by 
cochineal; violet, by litmus, or archil; Wire by the sulphate of indigo; green, by mix- 
ing the and the yellow together. 

Ratajic^ is the generic name, in France, of liqueurs compounded with alcohol, 
sugar, and the odoriferous or flavouring principles of vegetables. Braised cherries 
with their stones £|^e infused in spirit of wine to make the ratafia of Grenoble de 
Teyssire. The liquor being boiled and filtered, is flavoured, when cold, with spirit 
of noyeauy made by distilling water off the bruised bitter kernels of apricots, and 
n'>xing it with alcohol. Syrup of bay laurel and galango are also added. 

LIQUID AMBAR. See Ambar, Liquid. 

• LIQUORICE {Glycyrrhiza Officinalis-, from glykys, sweet, and a root). The 
root only is employed ; these roots are thick, long, and running deep in the ground. 

Besides the use of liquoric roots in medicine, they are also employed in brewing, 
and are pretty extensively grown for these purposes in some parts o^England. 
Liquorice requires a rich deep dry sandy soil, whi(^, previous to forming a new plan- 
tation, should be trenched to the depth of about three feet, and a liberal allowance of 
manure regularly mixed with the earth in trenching. The plants which are procured 
by slipping them from those in old plantations are, either'rin February or March, 
dTbbled in rows three feet apart, and from eighteen inches to two feet in the row. 
^'hey require three summers* growth before being fit for use, when the roots are 
obtained by retrenching the whole, and they are then stored in sand for their preser- 
vation until required. — Peter Lawson. 

LITHARGE (Eng. and Fr. ; Gidtte, Germ.) is the fused yellow protoxide of lead, 
which on cooling passes into a mass consisting of small six-sided plates, of a reddish 
yellow colour and semitransparent. It generally contains more or less red lead, 
whence the variations of its colour, and carbonic acid, especially when it has been 
exposed to the air for some time. See Lead and Silver, for its mode of preparation. 

LITHIA is a simple earthy or alkaline substance, discovered in the minerals 
called petalite and triphane. It is white, very caustic, reddens litmus and red 
cabbage, and saturates acids with great facility. When exposed to the air it attracts 
humidity and carbonic acid. It is more soluble in water than baryta ; and has such 
a strong affinity for it as to be obtained only in the state of a hydrate. It forms 
neutral salts with all the acids. It is most remarkable for its power of acting upon 
or corroding platinum. 

LITHIUM is the metallic basis of lithia ; the latter substance consists of 100 of 
metal, and 123 of oxygen. Neither lithium nor its oxide are of any use in the arts. 

LITHOGRAPHIC PRESS. The lithographic press in common use has long been 
regarded as a very inadequate machine. The amount of manual power required to work 
it, and the slow speed at which, under the most favourable circumstances, copies can 
be produced, disables lithography in its competition with letter-press. A career of bril- 
liant success has attended the efforts of scientific men towards speed and perfection in 
this latter branch of the art ; and the present printing machines surpass the band-press 
somewhat in the same ratio as does our express speed the jog-trot of our forefathers. 

The engravings annexed, ^^ 5 . 1141, 1142, will serve to illustrate Messrs. Napier & 
Sons* improvements upon the li- 
thographic press. The machine 
is arranged to be driven by steam 
power ; has belts, “ crossed ” and * 

“open,** supposed to be in con- 
nection with the engine, and to 
run upon the pulleys a, b, c. The ^ 
crank pulley, b, is fixed on the 
screw-spindle d, and the oth|^ 
two work l«H>se, or, “dead,” on 
the same spindle ; these bands 
with their striking forks, a, are* 
arranged ^o as to be brought al- 
ternately upon the fixed pulley b, 
and thus a reversing motion is 
given to the screw. The nut in 
which the screw works is fixed 

to a crosspiece e, which braces the side fraoies r f, together at bottom, while 
the bar o, performs the same office at top ; the scraper-box, h, is sustained ^tween 
VoL. IL 3 A 
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these frames at hearings r, and is so fitted as to work frfely. To support 
the frames scraper-box independent of the screw and maintain them in 



position, allowing freed<^ of action, the rollers J, j, are provided, which run in the 
planed recesses, k, alonglhe top of the main standards n. „ 

The machine is shown with its tympan down, ready for starting; this is effected by 
pressing lightly upon the lever. A, which raises a catch, and allows the weight M, to 
escend in the direction of its present inclination, and act npon the connections with 
the striking forks, so as to bring one of the hands npon the fast pulley, B, and make 
the ^raper and its frames move forward. The return is caused by the frame, r, com- 
mg m contact with a stop c, which, yielding, acts upon the striking forks by its bar 
d, upon which It may ^ adjusted to give the travel required. On the return being 
accomplished, the machine stops itself by a striking action against stop e, the catch b 
falling m to prevent the weight descending to its full throw, and thus retaining the 
two tends upon the two dead pulleys, a and c, whUe the machine is prepared for 
another impression. ^ ^ 

i. i® pernor and novel ; it U balanced, so that its tendency 

movement, and at the point desired, it 

vertfid or^n^ ^ ^ >»“i» »l»»dard,innto a position 

vertical, or nearly so, in which position it is retained by its own onward woeress 

against strong abutments projecting from the frames, f; on the return itresLira its 
raised position and p^ses back without impediment. The scraper may be adjusted to 
gire the pressure desired, or the table on which the stone is placed regulated by screws. 

the advantages embodied in this machine will he at once recognised by those in- 
terested. The pulling down of the scraper, and the labour and inconvenience atten- 
dant upon that operation, are entirely superseded by the simple and effectual valve-like 
movement just explained, which forms the ground work of this combination, althouo-h 
mrc'hine * striking novelty in the 

subject belongs rather to the arts of taste and 
vi^rof t1il DSaJ;r^ manufactures, its chemical principles fall within the pro- 

nates the^t 7pa-fn7,' mnVmy. and desig- 

‘hrowirig off impressions npon paper of figures and writing previously 
traced upou stone. The processes of this art are founded : — ® ^ 

fj' v “> ® gr»med or smoothly-polished Umestone, of an encaustic' 

tat whmb forms the lines or traces. 

2 Upon the power acquired by the parts penetrated by this encaustic, of attracting 
bas^™**^ with, a printer's ink, having linseed oil for its 

■ ‘''® '“‘^fposition of a film of water, which prevents tbs adhesftn of the ink 

m^i the ^rts of the surface of the stone not impregnated with the encaustic. 

4. Uastljs, upon a pressure applied to the stone, such as to transfer to^aper the 
gr^tei; part of the mk which covers the greasy tracings or drawings of the encaustic. 

I he lithographic stones of the best quality are still procured firom the quarry of 
bolenhofen, a village at no great distance from Munich, where this mode of printing 
..ad Its birth. They *bsenftle in their aspect the yellowish-white lias of Bath, but their 
geological place is much higher that the <* 133 . Abundant quarries of these fine-grained 
Iimestonra wcur m the county of ftsppenheim, along the banks of the Dam.be, pre- 
senting slabs of every required degree of thickness, parted by regular scams, and ready 
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for r#iioval with very little violence. The good quality of a lithogrtlpjpc stone is ge- 
nerally denoted by the following characters ^its hi^l is of a yellowish grey, and unifonn^ 
throughout ; it is free from veins, fibres, and spots ; a steel point makes an impressiroi 
on it with difficulty ; and the splinters broken off from it by the hammer display a 
conchoidal fracture. 

The Munich stones are retailed on the spot in slabs or layers of equal thickness ; 
they are q^rried with the aid of a saw, so as to sacrifice as little as possible of the ir- 
regular edges of the rectangular tables or plates. One of the broad faces is then 
dressed, and coarsely^^moothed. The thickness of these stones is nearly proportional 
to their other dimensions ; and varies from 1| inches to 3 inches. 

In each lithographic establishment, the stones receive their finishing, dressing, and 
polishing ; which are performed like the grinding and polishing of mirror plate. The 
work is done by hand, by rubbing circularly a movable slab over another in a 
horizontal position, with fine sifted sand and water interposed between the two. The 
style of worA that the stone is intended to prolace determines the kind of polish that 
it should get. For crayon drawing the stone should be merely grained more or less 
^ne according to the fancy of the draughtsman. The higher the finish of t^e surface 
the softer are the drawings ; but the printing procfiOs becomes sooner p^sty, and a 
smaller number of impressions can be taken. Works in ink require the stone to be 
more softened down, and finally polished with pumice and a little water. The stones 
thus prepared are packed for use with white paper interposed between their faces. 

2 inc plates are sometimes used in lieu of stones; they are prepared by graining the 
surface with fine sand, rubbed over by means of a small piece of the metal. Zinc 
takes a finer surface than stone, and yields more delicate impressions ; but great care 
is necessary in keeping it dry, so that it does not corrode ; this is almost the only 
objection to its more general use, for it is far more convenient to handle and move 
about than heavy stones. 

Lithographic crayons. — Fine lithographic prints cannot he obtained unless the 
crayons possess every requisite quality. The ingredients composing them ought to 
be of such a nature as to adhere strongly to the stone, both after the drawing has 
undergone the preparation of the acid, and during the press-work. They should be 
hard enough to admit of a fine point, and trace delicate lines without risk of breaking. 

The following composition has been successfully employed for crayons by Mil. Ber- 
nard and Delarue, at Paris : — 


Pure wax (first quality) - - - - • 4 parts. 

Dry white tallow soap - - - - - - 2 „ 

White tallow - - - - - - -2„ 

Gum lac - - - - - - -.-2„ 

Lamp black, enough to ^ve a dark tint - - - 1 „ 

Occasionally copal varnish - - - - - 1 „ 

The wax should be melted over a gentle fire, and the lac, broken to bits, is then 
added by degrees, stirring all the while with a spatula ; the soap is next introduced in 
fine shavings ; and when the mixture of these substances is very intimately accom- 
plished, the copal-varnish, incorporated with the lamp black, is poured in. The heat 
and agitation are continued till the paste has acquired a suitable consistence ; which 
may be recognised by taking out a little of it, letting it cool on a plate, and trying its 
quality with a penknife. This composition, on being cut, should afford brittle slices 
The boiling may be quickened by setting the rising vapours on fire, which increases 
the temperature, and renders the exhalations less offensive. When ready, it is to be 
poured into a brass mould, made of two sei^i-cylinders joined together by clasps or 
rings, forming between them a cylindric tube of ^e crayon size. The mould shoi^ be 
previously rubbed with a greasy cloth. 

The soap and tallow are to be put into a small goblet and covered up. When the 
whole is thoroughly fused by heat, and no clots remain, the black is gradually sprinkled 
in with careful stirring, 

Lithograpic ink is prepared neafly on the same principle : — 

Wax - -- -- -- - 

Tallow - - 

I^rd tallow soap ------ 

Shell-lac 
Mastic in tears 

Venice turpentine ----- 
Lampblack - 

The mastic and lac, previously ground together, ^are to be carefully heated in the 
turpentine? the wax and tallow must be added after they are taken off the fire and 
when their solution is effected, the 4 oap shavings are to be thrown in. Lastly, the lamp 
' 8 A 2 


16 parts. 
6 
6 
12 
8 
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black is to intermixed. Whenever the union is accomplibhed by heatflthe 

'"^(^eration is finished ; the liquor is lO; to c^l a little, then poured out on tables, and, 
'Wnen cold, cut into square rods. 

Lithographic ink of good quality ought to be susceptible of forming an emulsion so 
attenuated, that it may appear to be dissolved when rubbed upon a hard body in dis- 
tilled or river water. • It should flow in the pen, but not spread on the storO ; capa- 
ble of forming delicate traces, and very black, to show its delineations, (^he most 
essential quality of the ink is to sink well into the stone, so as to reproduce the most 
delicate outlines of the drawing, and to afford numerous impressions. It must 
therefore be able to resist the acid with which the stone is moistened in the prepara- 
tion, without letting any of its greasy matter escape. 

M. de Lasteyrie states that after having tried a great many combinations, he gives 
the preference to the following : — 

Tallow soap dried - - - 30 parts. 

Mastic in tears - - - - 30 „ 

White soda of commerce - - 30 „ 

Shell-lac 150 „ 

^ Lamp-hlack - - - 12 „ 

The soap is first put into the goblet and melted over the fire ; the lac being added 
it fuses immediately; tl?te soda is then introduced, and next the mastic, stirring all 
the while with a spatula. A brisk fire is applied till all these materials are meltsd 
completely, when the whole is poured out into the mould. 

The inks now prescribed may be employed either with the pen and the hair pencil, 
for writings, black-lead drawings, aqua tinta, mixed drawings, those which represent 
engravings on wood (woodcuts), &c. When the ink is to he used it is to be rubbed 
down with water, in the manner of China ink, till the shade he of the requisite depth. 
The temperature of the place ought to he from 84° to 90° Fahr., or the saucer m 
which the ink stick is rubbed should he set in a heated plate. No more ink should 
he dissolved than is to be used at the time, for it rarely keeps in the liquid state for 
24 hours ; and it should be covered or corked up. 

Autographic paper. — Autography, or the operation by which a writing or a drawing 
M transferred ftum paper to stone, presents not merely a means of abridging labour, 
but also that of reverting the writings or drawings into the direction in which they 
were traced, whilst, if executed <tirectly upon tiie stone, the impression given by it is 
inverted. Hence, a writing upon stone must he i&mted from right to left to obtain 
direct impressions. But the art of writing thus is tedious and difficult to acquire, 
while, by means of the autographic paper and the transfer, proofr are obtained in the 
same direction with the writing and drawing. 

Autographicink. — It must be fatter and softer than that applied directly to the 
stone, so that though dry upon the paper, it may still preserve sufficient viscidity to 
adhere to the stone by mere pressure. 

To compose this ink, we take — 

White soap - - - - 100 parts. 

White wax of the best quality - 100 „ 

Mutton suet • - . . 30 „ 

ShelUlac - , . - 60 „ 

Mastic - . - - - 60 „ 

Lamp black, - - - 30 or 35 „ 

These materials ar? to be melted as ab^ive described for the lithographic ink. 

Lithographic ink and paper. — The lollowing recipes have been much com- 
mended : — - 

Virgin or white wax - • 8 parts. 

White soap - - - - 2 „ 

Shell-lac ... - 2 „ 

Lamp black - - - ^ - 3 table-spoonfuls. 

Preparation. — The wax and soap are to he melted together, and^fore they be- 

come 80 (hot as to take fire, the lamp black is to Ir* well stirred in with a spatula, and 
then the mixture should he allowed to hum for 30 seconds ; the fiaipe being ex- 
tinguished, the lac is added by degrees, carefully stirring all the time ; the vessel 
IS to be put upon the fire once mor^ in order -*0 complete the combination, and 
till the materials eilj^er kindled or nearly so. After the fiame is extinguished, the 
ink must be suffered to cool a little, and then put into the moulds. 

With the ink crayons thus made, unes may be drawn as fine as with the point of 
the graver, and as full as can be ubsired, withont risk of its spreading in ibfi carriage. 
Its traces will remain unchanged on paper for years before being transferred 

Some may think it strange that there is no suet la the above composition, but it has 
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been found that ink containing it is only good when used soon after it is made, and 
when*mmediately transferred to the stone, while traces drawn on pap^r^ith the suet 
ink become defective after 4 or 5 days. » . 

Lithographic paper. — Lay on the papeV 3 successive coats of sheep-foot jelly#*'' 
1 layer of white starch, 1 layer of gamboge. 

The first layer is applied with a sponge dipped in the solution of the hot jelly, very 
equally ot^r the whole surface, but thin ; and if the leaf be stretched upon a cord, the 
gelatine w5S be more uniform. The next two coats are to be laid on, until each is dry. 
The layer of starch is then to be applied with a sponge, and it will also be very thin 
and equal The coaV>f gamboge is lastly to be applied in the same way. When the 
paper is dry, it must be smoothed by passing it through the lithographic press ; and 
the more polished it is, the better does it take on the ink in fine lines. 

Transfer. — When the paper is moistened, the transfer of the ink from the gamboge 
is perfect and infallible. The starch separates from the gelatine, and if, after taking 
the paper 4 )ff the stone, we place it on a white slab oS stone, and pour hot water over 
it, it will resume its primitive state. 

The coat of gamboge ought to belaid on the same day it is dissolved, as by keeping 
it becomes of an oily nature ; in this state it does not obstruct the transfw, but it 
gives a gloss to the paper which renders the drawinfj or tracing more difficult, espe- 
cially to persons little accustomed to lithography. " 

The starch paste can be employed only when cold, the day after it is made, and 
after having the skin removed from its surfeee. ® 

'a leaf of such lithographic paper may be made in two minutes. 

In transferring a writing, an ink drawing, or a lithographic crayon, even the im- 
pression of a copper-plate, to the stone, it is necessary, 1, that the impressions be 
made upon a thin and slender body like common paper ; 2, that they may be de- 
tached and fixed totally on the stone by means of pressure ; but as the ink of a draw- 
ing sinks to a certain depth in paper, and adheres rather strongly, it would be 
difficult to detach all its parts, were there not previously put between the paper and 
the traces a body capable of being separated from the paper, and of losing its ad- 
hesion to it by means of the water with which it is damped. In order to produce this 
effect, the paper gets a certain preparation, which consists in coating it over with a 
kind of paste ready to receive every delineation without suffering it to penetrate into 
the paper. There are different modes of communicating this property to paper. 

Besides the above, the following may be tried. Take an unsized paper, rather 
strong, and cover it with a varnish composed of : — Starch, 120 parts ; gum arabic, 

40 parts ; alum, 20 parts. 

A paste of moderate consistence must be made with the starch and some water, 
with the aid of heat, into which the gum and alum are to be thrown, each previously 
dissolved in separate vessels. When the whole is well mixed, it is to be applied, stiU 
hot, on the leaves of paper, with a flat smooth brush. A tint cf yellow colour may 
be given to the varnish with a decoction of the berries of Avignon, commonly called 
French berries by our dyers. The paper is to be dried, and smoothed by passing 
under the scraper of the lithographic press. , i. 

Steel pens are employed for writing and drawtpg with ink on the lithographio 
stones ; in many establishments a sable brush is more frequently used. 

Engraving on stone, for maps, geometrical drawings of every kind, patent inven- 
tions, machinery, &c., is performed with a diamond point as clearly and distinctly as 
if executed on copper or steel plates ; to print these engraved stones, the ink should 
be laid on with a dabber, not a roller. Another method is by preparing the surface 
of the stone with a thin covering, or etching ^und, of gum Snd black, upon which 
the design is traced or engraved with an etching point ; it then appears m white liiiw 
upon a black surface. In this state the stone is taken to the printer, who applip mk 
to the engraved part, and washing off the gum, the drawing appears m b/ack lines 
upon the white surface of the stone, and after being submitted to the process of 
fixing, described below, is ready for printing. .wittytij 

Lithotint, a process of drawing upon stone was adopted, first, by Mr. J. D. Hard- 
ing, a few ye’ws back^ and since by one or two other artists ; several works were at 
the time executed by this meth^, which consists in painting the subject with a 
carnal hair pencil, dipped in a preparation of liquid litlmgraphic chalk, ^si^ the 
latter as if it were an ordinary colour, or Indian ink, sepia, &c. The results cv this 
process were, however, so uncertain in printing, that it has been almost, if not en- 
tirely, abandoned. , nm rjm r 1 , rni.^ 

The process of printing a subject executed m btho^fhy i^as follows Th< 
drawiug is first executed by the artist on ?he stone in as perfect and finished a • 
manner if done on paper or card-board ; the snne is then washed over with nitric 
acid, diluted with gum, which neutralises’ the alkali, or soap, contained in the chalk, 
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fixes the drawing, and cleanses the stone at the same time : this |s technically called 
etching. Tl^ ^cid is then washed off with cold water, and any particles %f the 
<y:ayon or otner substances which '^ay h|^ve adhered to the surface, are remored by 
^he application of a sponge dipped in spirits of turpentine : the stone is now ready 
for printing : it is slightly wetted, charged with printing-ink by means of a roller, 
the sheet of paper, which is to receive the impression, is laid on it in a damp state, 
and the whole is passed through the pr^s. 

Ckromolithography^ or printing in colours from stones (xf>wjua, colour?® is a com- 
paratively recent introduction, but has been brought to such perfection, that, works 
of art olT the highest pictorial excellence are sometimes ’so e^sely imitated, as to 
deceive very competent judges. A portrait of Shakspeare, for example, executed 
iu chromolithography by Mr, Vincent Brooks, of London, from an old oil painting, 
is so marvellous a copy of the original as almost to defy detection. Chromolitho- 
^ ^ beautiful medium of illustration, is now in very general use: the process 
may be thus described. A drawing of the subject, in outline, on transfer tracing- 
paper, is made in the ordinary way: when transferred to a stone, this drawing is 
called the ke^xtone, and it serves as a guide to all the others, for it must be transferred 
to as mS^y different stones as there are colours in the subject ; as many as thirty 
stones have been used in the prcduction of one coloured print. The first stone re- 
quired, generally for fiat, local tints, is covered with lithographic ink where the 
parts should be of solid colour : the different gradations are produced by rub- 
bing the stone with ri^dbing-stuff, or tint-ink, made of soap, shell lac, &c. &c., ^d 
with a painted lithographic chalk where necessary; the stone is then washed over with 
nitrous acid, and goes through the entire process described above. A roller charged 
with lithographic printing-ink is then passed over it to ascertain if the drawing 
comes as desired ; and the ink is immediately afterwards washed off with turpentine: 
if satisfactory, this stone is ready for printing, and is worked off in the requisite 
colour; the next stone undergoes the same process for another colour, and so with 
the rest till tlm work is complete: it will of coarse, be understood, that before any 
simple impression is finished, it will have to pass through as many separate printings 
as there are drawings on stones. The colours used io printing are ground up with 
burnt linseed oil, termed varnish. — J. D. 

ARGE. A silicate of alumina, in many respects resembling: China clay or 
kaolin, which see. ^ & j 

LITMUS (roiir«Mo/, Fr.i tackoMt, Gena.) is prepared in Holland from the 
species of lichen called Lecamra tortereo. Boceefti Sarlarea. ,^The ground lichens are 
first treated with urine containing a little potash, and allowed 'torment for several 
weeks, whereby they produce a purple-red; the coloured Itqamr, treated with quick- 
lime and some more urine, is set again to ferment daring two or three weeks then 
it is mixed with chalk or gypsum into a paste, which is formed into small cubical 
pieces by being pressed into brass moulds, and dried in the shade. Litmus has a 
violet-hlue colour, is easy to pulverise, is partially soluble in water and dilute alcohol, 
leaving a residuum consisting of carbonate of lime, of clay, silica, gypsum, and oxide 
of iron combined with the dye. The colour of litmus is not altered by alkalies, but is 
reddened “by acids ; and is therefore used in chemistry as a delicate test of acidity, 
either in the stale of solution or of unsized paper stained with it. See Lichen. 

The preparation of litmus has been described by Ferber, Moreloz, and others. 

Dr. Pereira, writes, “ Litmus is imported from Holland, in the form of small, rec- 
tangular, light, and friable cakes of an indigo blue colour. Examined by the mi- 
croscope, we find sporules and portions of the epidermis and raesothallus of some 
species of lichen, mosl, leaves, sand, Ste. -The odour of the cakes is that of indigo 
and violets.^ The violet odour is acquired while the mixture is undergoing fermen- 
tation, and is common to all the tinctorial lichens. It has led some writers into the 
error of supposing that the litmus makers use Florentine orris in the manufacture 
of litmus. The indigo colour depends on the presence of indigo in the litmus cakes.” 

LITMUS PAPER. Paper coloured with an infusion of litmus, used as a test for 
the presence of acids. - 

Faraday, in his Chemical Manipulation, recommends an infixsion dP'otie ounce of 
litmus, an^ half a pint of hot water. Bibnlons papc-r is saturated with this. Professor 
Graham prefers good letter paper to the unsized paper. In order to oht^^n very de- 
lioatfc'Iest-paper, the alkali iu the litmus must be almost neutralised by a minute portion 
of acid. , - 

LITTORAL (ajgeological term). Belonging to the sea-shore. 

LIVI-DIBI. Another name for Divi-divi. See Leather. 

LIXIVIATION (Lessivage, Fr. ; Jiuslagen, Germ.) signifies the abstraction by 
water of the soluble alkaline or sanne matters present in any earthy admiltture ; as 
Irom that of quicklime and potashes to make potash lye, from that of effloresced alnm 
schist to make aluminous liquors, &c. 
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LLAMA. Aygenus of animals belonging to the class Mammalia^ order Un^ulata, 
famly Bovidce, and tribe Camelina. They are the camels of America, to 

which country they are confined. In tha^wild ^ate the llamas keep together in he^*^ 
of from one to two hundred. There are two distinct species found wild in Sofln 
America, inhabiting the Peruvian Alps, the Pampas, and the mountains of Chili. 
These animals are used as beasts of burthen ; cords and sacks, as well as stuffs for 
ponchosj &c., are fabricated from their wool ; and their bones are converted into instru- 
ments weaving ffie same. The Alpaca, which is a variety of the llama, has 
given its name to;^ cloth manufactured &om its hair; and this has become so valuable, 
that attempts hav^been made to naturalise the animal in Europe. The success, 
however, which has attended these attempts has not been great. The following note 
from the Penny Cyclopedia^ article Llama, is important. 

“ In reference to the wool, we may here state that a herd of thirty-six, including the 
kinds called llamas, alpacas, and vicunas or vigonias, were sent from Lima (Peru) ^ 
and Conception (Chili) to Buenos Ayres by journeys of two or three leagues. To 
those who may be inclined to import these animals, it may be necessary to state that 
they were fed during the journey with potatoes, maize, and bay. As soom however, 
as the potatoes were exhausted, constipation came on so obstinately, that medical 
relief was required. They were shipped as a i^?esent from Godoy, tjtje Prince of 
Peace, to the Empress Josephine, but only eleven arrived at Cadiz in 1808, just as 
Godoy fell into disgrace. Here two died, and the rest wera near being thrown into 
sea by the infuriated rabble, in their detestation of the fate minister and minion. 

The poor llamas were however saved from the tender mercies of the populace by the 
governor of Cadiz, and were consigned to Hon Francisco de Theran of Andalusia, 
who had a fine menagerie at San Lucar de Barrameda. When the French occupied 
the province, Marshal Soult protected them ; and M. Bury St. Vincent, who was 
with the army, studied their habits, and executed drawings of them, which were lost 
at the battle of Vittoria. M. Bury paid great attention to their wool, and some from 
each kind was sent to the Academy of Sciences at Paris. From the report of the 
French naturalist and the philosophical Spaniard, it would appear that the fleece of 
the alpa-vigonia (produced by a cross between a vigonia and an alpaca) has muQh 
greater length than any other variety, and is six times heavier.” 

The following is from James's History of the Worsted Manufacture in England^ 
p. 652 

To commence with the earliest mention of the alpaca, we must recur to so early a 
period as the year 1525, when Pizarro and his ferocious companions invaded Peru. 

It is related by the Spanish historians, that they found there four varieties of sheep ; 
two, the guanaco and the vicuna, in a wild state, ranging the mountainous tracts 
of South America; and the others, the llama and the pacos, or alpaca, domesti- 
cated. The former of these domestic animals, partaking somewhat of the nature and 
size of the Arabian camel, was in like manner employed as a beast of burden. 
Though in many features similar to the llama, the alpaca had several clear marks 
of distinction, and among others was less, and the fleece much longer and softer in 
fibre. In the sixteenth century, and even from the remotest times, the Peruvians 
being comparatively (to the other tribes of the great continent of America) a civilised 
people, and well acquainted with the arts of spinning and weaving, fabricated from 
alpaca wool textures of much delicacy and beauty, which were highly prized as 
articles of dress. And that the use of them had prevailed for centuries is demonstrated 
by the opening of several very ancient tombs of the Peruvians, in which the dead 
had been enwrapped in stuffs made from the fleece of the alpaca. 

In general, the alpaca ranges about Ibur feet in height, the size of a full grown 
deer, and, like it, is of graceful appeanmce. Its fleece is superior to the sheep in 
length and softness, averaging six inches (the length of the staple of the alpaca 
fleece is on an average much less than formerly, probably from being shorn oftener), 
and sometimes it has been procured even of an extraordinary length ; a specimen 
shown at the Great Exhibition, by Me^rs. Walter Milligan and Son, reaching to 
forty-two inches in length, Tl^ fleeces, when annually shorn, range from five to six 
pounds. C^trary ft experience in other descriptions of wool, the fibre of the Al- 
pa<^ fleece acquires strength vSthout coarseness ; besides, each filament appear.s 
straight, ^ell formed, and free from crispness, and the quality is more qjiform 
throughout the fleece. There is also a transparency, a glittering brightness upon 
the surface, giving it the g!ossi:?ess of 8ilkj»which Is enhanced on its passing through 
the dye-vat. It is also distinguished by softness and elas^icitji® essential propertie;^ 
in the manufacture of fine goods, being exempt from spiral, curly, and shaggy defects 
and it spins, when treated properly u^oiding to^he present improved method, easily,^ 
and yields an even, strong, and true thread. With all these remarkable qualities, it 
was long before the value of alp^a wool was known or appreciated in this country. 
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Recurring to tlie application of the alpaca fleece to manufactijring purposes in 
England, it ws*^!bng delayed. Though so early as the year 1807, the British trCbps 
iwernmingfrom the attack of Buenos ^yres^rought with them a few bags of this wool, 
^lich were submitted for inspection in London ; but, observes Walton in his work 
on alpaca, “ owing to the difficulty of spinning it, or the prejudice of our manufac- 
turers, it did not then come into notice,” and for more than twenty years the attempt 
does not seem to have been renewed ; thus depriving, for that period, the country of 
the advantage derived from this notable manufacture. <r 

According to the best authorities, the first person in England yrho introduced a 
marketable fabric made from this material was Mr. Benjamin ^utram, a scientific 
manufacturer of Greetland, near Halifax, who, about the year 1830, surmounted, 
with much difficulty, the obstacles encoontered in spinning the wool, and eventually 
produced an article which sold at high prices for ladies carriage shawls and cloak- 
ings; but their value arose more from being rare and curious articles than from 
intrinsic worth. 

These were, it is well established, quite destitute of the peculiar gloss and beauty 
which disringuish the alpaca lustres and fabrics of later times, and after a short period 
the manuiacture was abandoned. 

About thg same time as Mr. ©utram was weaving goods from alpaca, the wool 
attracted the notice of the Bradford spinners. Messrs. Wood and Walker spun H to 
some extent for camlet w^rps used in the Norwich trade. Owing to the cheapness of 
alpaca wool during the first years of its consumption in England, it was occasional)^ 
employed instead of English hog wool for preparing lasting and camblet warps, being 
spun to about No. 48. 

The earliest manufacture of the alpaca wool into goods at Bradford app#*ars to 
have occurred under these circumstances. In the commencement of 1832 some 
gentlemen, connected with the trade to tbe west coast of South America, were on a 
visit at the house of J- Garnett, Esq., of Clithero, and, on their alluding to the diffi* 
culty of meeting with suitable returns for goods forwarded to that part of the world, 
he suggested to them the transmission of alpaca wool, and offered, if they would send 
him a few pounds weight, to ascertain its value for manufacturing purposes In a 
few months he received some samples of alpaca wool, which, on the 2nd of October, 
1832, he forwarded to Messrs. Horsfall, of Bradford, with a request that they would 
test its value. Accordingly they fabricated from this wool a piece resembling heavy 
camblet, which they showed to the Leeds saerchants ; bat the piece, not developing 
any peculiar qualities of alpaca, did not please, so that Messrs. Horsfall were not 
encouraged to proceed further with experiments. However, in the same year Messrs. 
Hoyam, Hall, and Co., spirited merchants of Liverpool, perceiving the value of the 
alpaca wool, directed their agents in Peru to purchase and ship over all the parcels 
of alpaca wool they could meet with; some of which, being sent to the Bradford 
district, was span and manufactured by several parties there. The pieces chiefly 
fabricated from alpaca in the neighbourhood of 13radford were figures made with 
worsted warp and alpaca w^ the figure being raised and lustrous like union 
damasks. These goods were in vogue only for a limited time, for neither the figured 
nor plain ones seem to have suited the public taste. 

Until the introduction of cottoa warps into the worsted trade, it may safely be 
averred that tbe alpaca manufacture had not been developed, and would never have 
made much progress without being combined with cotton or silk warp. To Titus 
Salt, Ksq., of Bradford, must undoubtedly be awarded the high praise of finally over- 
coming the difficulties of preparing and spinning the alpaca wool so as to produce an 
even and true thread, and, by combining itwith cotton warps, which had then (1836) 
been imported into the trade of Bradford, improved the manufacture so as to make it 
one of the staple industries of the kingdom. He has, by an admirable adaptation of 
machinery, been enabled to work up the material with the ease of ordinary wool, and 
thus present beautiful alpaca stuffs at a reasonable rate. Every previous attempt had 
been made, so far as can be ascertained, with worsted warps, with which the alpaca 
did not easily assort. ^ 

About the year 1836 the alpaca trade had become established, and Tits since risen 
to much importance. After this period the manufacture rapidly extended, 

house of A. and S. Henry took very large quantities of aloaca staffs, 
which began to be made in an endless variety of goods suited both for male and 
female dres^ inclnding scarfs, handkerchiefs, and o»avats, plain and figured goods, 
both with silk an<L eottpn warp, for ladies’ dresses, dyed alpaca checks of beautiful 
texture, and a variety ot grograms, codringtons, silk-striped, checked, and figured 
alpacas and alpaca linings. The den^nd for these various alpaca fabrics during the 
period between 1841 and 1846 rem^ed uniform and steady. 

At the commencement of the manufacture of alpaca goods with cotton warps (silk 
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was not used), tly weft was spun from fine qualities of the wool into low numbers, 
andr the pieces were made much richer and heavier than has been tha case more re- 
cently, the demand having altered in favcq^r of %hter and less costly cloth. 

Most of the alpaca wool brought into the United Kingdom is unshipped at Liv^^ 
pool, but a small portion is also carried to London. At these two ports, it may be 
asserted the whole imported into this country is landed. It arrives in small bales, 
called ballots, weighing about seventy pounds, and is generally in an impure state, 
with difi^ent qualities mixed. Like the fleece of the sheep, that of the alpaca is 
composed of different qualities, so that the portion growing on the hind quarters is of 
an inferior description. The wool is sorted into about eight diff'erent qualities, each 
fitted for a particular class of goods. Owing to the dirty state of the fleeces, and the 
peculiar nature of the dusty particles arising during the progress of sorting, the opera- 
tion is an unhealthy one, unless great care be taken by ventilation to counteract this 
baneful effect. After being sorted, it is at Saltaire washed and combed by machinery. 
Until of late years it was combed wholly by hand, and the combs used for the purpose 
were of a deeper pitch than those usually adopted for preparing sheep’s wool, that 
is, those combs had a larger number of teeth than ordinary. The next process is to 
draw the sliver, which is perfected by an improved gill machine, especis!tly adapted 
for this material. And here, in combing and j^eparing the alpaca wool, so as to 
make a clean, even, and glossy thread, lay the grana di£6culty in the wdy of applying 
the alpaca fibre to the worsted manufacture, and which was so successfully surmounted 
by Mr. Salt. ' 

The main articles now manufactured from alpaca wool consist of alpaca lustres, 
which are dyed, and alpaca mixtures, which are undyed, and both are made of cotton 
or sil^ warp. These plain goods may from their extensive and steady use be termed 
stock articles. Large quantities of fancy alpacas are made, but they are rapidly varj’- 
ing and are distinguished by innumerable names. The material is at present much 
shorter in staple than formerly, owing to the alpaca being shorn oftener, so that it is 
now commonly from five to eight inches in length. Nearly all the alpaca wool con- 
sumed in England is w'orked up in the Bradford district. 

Dating from the year 1834, when the importation of alpaca wool sprung up as a 
permanent branch of commerce, the demand in this country has, with the exception 
of the last two years, on the whole been a growing one. Mr. Walton, in his work on 
the alpaca, exhibits the quantities exported chiefly to England until the year 1843, 
when the tariflf law having come into operation, the returns began to be more correctly 
framed, and the alpaca wool was then classed by itself. 


Years. 

Lbs. 

Years. 

Lbs. 

1834 

5,700 

1839 

1,325,500 

1835 

184,400 

1840 

1,650,000 

1836 

199,000 

1841 

1,500,000 

1837 

385,800 

1842 

1,443,299 

1838 

459,300 


.. 


In the interval of these twelve years, the price bad, with the demand, progressive y 
increased : the price in 1834 only amounted to about eightpence halfpenny per pound : 
next year it reached nearly tenpencej the year alW one shilling j m 1®- ; ® 
wards of one shilling and threepence halfpenny ; and in ^839, to one shiUing and 

fourpence per pound. . , . . . ^ ^ „ 

Since the year 1842, the returns of alpaca -wool imported into this *™.*” , 

more reliable character. The following table has been drawn up from data famished 
by the Board of Trade. 


Years.^ 

n Lbs'. 

o 

n 

l&t3 

1,458,032 

1844 

635,357 

1845 

1,261-905 

1846 

1,554,287 

1848 

1,521,370 

1849 

1,655,300 




Yean. 

Lbi. 

1850 

1,652*295 

1851 

2,013,202 

1852 

2,068,594 

1853 

2,148.267 

1854 

1,267,513 

1855 

1,446,707 
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Astonishing as it may appear, the bulk of these importations have been conspjned 
in England, ^ipd the quantity re-shipped to the Continent has been comparatively 
trifl ing in amount ** 

^^^During the last ten years, the prices have fluctuated considerably. In 1844, one 
shilling and eightpence per pound was quoted as the price of the white fleece, and two 
shillings for the black one. In the year 1855, according to the price curi^nts, the 
average rates were thus quoted : 


d. 

6 

0 

lOi 


to 


r 

a. 

8 

8 

6 

3 


Alpaca, best white 
Ditto, brown and black 
Vicuna, best dark coloured 
Llama - . . 

But these quotations are undoubtedly higher for alpaca wool than the prices realised, 
which of late years have ranged from two shillings and twopence to two shillings and 
sixpence per pound. 

LOAD. A burthen or freight. As the various quantities of material contained in a 
load cannot but be useful, the following table is borrowed from Mr. P. L. Simmonds' 
“ Trade Products," ^c. 


, 

Com - 0-5 qrs. or 40 bushels. 
Straw - - 36 trusses or 11 cwt. 

64flb3. 

Old hay- - 18 cwt. 

New hay - 19 cwL 32 lbs. 

Bricks - - 500. 

Tiles - - 1000. 

Lead ore (in Derbyshire) 9 dishes or 
nearly 3 cwt 

Bulrushes - 63 bundles. 

Mortar - - 27 feet. 


Coffee, in bags - 
Rice 

Timber — 

1 inch plank - 

inch „ - 

2 inch ,, * 
2i inch „ - 

3 inch „ 

3^ inch „ - 

4 inch „ .. 


12 cwt. 

10 cwt. 

600 square feet 
400 
300 
240 
200 
170 
150 


LOADSTONE, MAGNETIC IRON-STONE. (Per oxyduK, Fr.; Magneteisen- 
•tern. Germ.) An iron ore consisting of the protoxide and peroxide of iron in a state 
of eombination. 

It was first diseovered in Magnesia, and from that province has been derived the 
naine Magnet applied to Biia ot« of ireo. The term loadstone, however, is given to 
those specimens which are pow^uUy magnetic only. A eoosidwble number of the 
igneous rocks containing iron are magnetic, and many magnetic oxides of iron are 
found in England, especially near Penryn in Cornwall, near Brent in Devonshire, at 
Kosedale in Yorkshire, and some other places. See Ihon. 

LOAM. (Terre limmefse, Fr. ; Lehm, Germ.) A native clay mixed with quartz 
sand and iron ochre, and occasionally with some carbonate of lime. 

“ More commonly we find sand and clay or clay and marl intermixed in the same 
mass. When the sand and clay are each in considerable quantities, the mixture is 
called ‘loam.’” — Lyell. 

LOCKS. Although locks are distinctly a manufacture, yet they were not em- 
braced in former editions of this work, the chief cause of this being the desire on the 
part of Dr. Ure to limit the articles of the dictionary to such manufactures as were 
not comprehended within his meaning of the term handicraft. 

The lock manufacture is essentially one of handicraft, and seeing that these vo- 
lumes could not possibly enter into any detailed description of this and numerous 
other trades, as watchmaking and the like, ir* has been determined that a brief notice 
of the several kinds of locks alone shall find a place in its pages. 

The lock manufacture of this country is confined almost exclusively to Wolvei^ 
hampton and the neighbouring village of Willenhall. There are very few large 
manufactories, almost all kinds of locks being made by small masters, employing 
from half a dozen to a dozen men. 

In nearly every kind of lock, a bolt shoots out from'Ihe box or lock, j^jually of an 
oblong shape, and catches in some kind of staple or box fixed to receive it In some 
a staple enters the lock, and the bolt passes through rte staple within the lock. Tdie 
lock of a room door is of the first character. The lock of a writing desbt or ordi- 
nary is of the second kind. The key is merely a bent piece of iron which, on 
entering the lock, can move freely and pu^ forward the bolt To the bolts of su- 
perior locks springs ajp attached, and the force required to turn the key in a lock is 
the force necessary to overcome the resistance of the springs. The following two 
figures, 1143, 1144, represent the character of a lock with wards or wheels which are 
introduced to give safety. Fig. 1 143 i^^an ordinary back spring lock, representing the 
bolt half shot ; a' a'' are notches on the under side of tjie bolt connect^ by a curved 
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the bolt is -withdrawn, the notch a! rests in the rim ; when the bolt is shoi!; the notch 
a" rests in the same manner. The action of the key and wards is shown in fig. 
1144. The curved pieces of metal are the wards; and there are twi? clefts in the 
bit of the key to enable it to move without interruption. 

The tumbler lock is shown in its most simple form in 11 45. Here the bolt has 

two slots a a in the upper part ; and behind the bolt is a kind of latch b which carries 
a projecting piece of metal ; c, this is the tumbler 
which moves freely on a pivot at the other end. 

When the bolt is fully shot the projecting piece 
of metal falls into one notch ; and when with- 
drawn, it falls into the other. It will be evi- 
dent here that the action of the key is to raise 
the tumbler, so that the bolt has free motion ; 
this action will be intelligible by tracing the ac- 
tion of the key on the dotted lines. These tum- 
bler locks are greatly varied in character ; but 
in principle they are as above described. Nu- 
merous well known locks have been patented, 
the most remarkable being Chubb’s lock, which 
has been fully described by the inventors in a 
paper read before the Institution of Civil Engineers ; and also in an excellent treatise on 
locks to be found in Mr. Weale’s series of useful manuals. This lock is essentially a 
tumbler lock, it being fitted op with no less than six tumblers ; and the key has to 
raise by a series of steps these, before the bolt is free to move. It will be obvious, 
that unless the key is exactly fitted to move these, there is no chance of moving the 
bolt. In his paper already alluded to, Mr. Chubb says — 

“ The number of changes which may be effected on the keys of a three inch 
drawer lock is 1 x2x3x4*5x6=720, the number of different combinations 
which may be made on the six steps of unequal lengths, without altering the length 
of either step. The height of the shortest step is however capable of being reduced 
20 times; and each time of being reduced, the 720 combinations may be repeated; 
therefore 720 x 20 = 14,400 changes.” By effecting changes of this character there- 
fore, almost any number of combinations can be produced. The Bramah lock has 
been long celebrated, and most deservedly so. Notwithstanding the fact that this 
lock was picked by Mr. Hobbs aftir having the lock in his possession for sixteen 
days, it appears to us that it most fully justifies the boast made by Mr. Bramah in 
his Dissertation on the Construction of XwAs.” Being confident,” he says, “ that I 
have contrived a security which no instrument but its proper key can reach, and 
which may be so applied as not only to defy the art and ingenuity at the most skilful 
workman, but to render the i^ost force ineffectual, and thereby to secure what is 
most Valuevas weH from dishonest servants as from the midnight ruffian, I think 
myself at liberty to declare (what nothing but the discovery of an infallible remedy 
■Would justify my disclosing) that all dependence on the inviolable secuvity of locks, 
even orthose which are constructed on the best principle of any in general use, is 
fallacfous.” He then proceed to demonstrate the imperfections of ordinary locks 
and to describe his own. ' 

“ The body of a Bramah lock may be considered as forwed W two concentric boss 
barrels, the outer one fixed, and the inner Rotating within it. The inner barrel has 
a projecting stud, which, while the barrel is rotating, comes in contact with the boTt 
in such a way as to shoot or lock it ; and thus the stud serves the same purpose as 
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the bit of au ordinary key, rendering the construction of a bit to ^he Bramah key 
unnecessary. I^the barrel can be made to rotate to the right or leit, the bolt caftrbe 
. _ locked or unlc^bked, and the problenn is, therefore, how to insure the rotation of the 
^^fe^rel. The key, which has a pipe orhollbw shaft, is inserted in the keyhole upon 
tte pin, and is then turned round; but there mnst be a nice adjustment of the me- 
chanism of the barrel before this taming round of the key and the barrel c^ be in- 
sured. The barrel has an external groove at right angles to the axis, penetfating to 
a certain depth; and it has also several internal longitudinal grooves fro^ end to 
end. In these internal grooves thin pieces of steel are able to slide, in a direction 
parallel with the axis of the barrel. A thin plate of steel called ^^le locking plate, is 
screwed in two portions to the outer barrel, concentric with the inner barrel ; and at 
the same time occupying the external circular groove of the inner barrel ; this plate 
has notches, fitted in number and size to receive the edges of the slides which work in 
the internal longitudinal grooves of the barrel. If this were all, the barrel could not 
revolve, because the slides are catching in the grooves of the locking plate ; but each 
slide has also a groove, corresponding in depth to the extent of this entanglement ; and 
if this groove be brought to the plane of the locking plate, the barrel can be turned, 
so far as ri^pects the individual slide. All the slides must, however, be so adjusted, 
that their grooves shall come to tt^ same plane ; but, as the notch is cut at dirferent 
points in therlengths of the several slides, the slides have to be pushed in to diiferent 
distances in the barrel, in order that this juxtaposition of notches may be insured. 
This is effected by the kefi, which has notches or clefts at the end of the pipe equal iij. 
number to the slides, and made to fit the ends of the slides when the key is in- 
serted ; the key presses each slide, and pushes it so far as the depth of its cleft will 
permit ; and all these depths are such that all the slides are pushed to the exact 
position where their notches all lie in the same plane ; this is the plane of the locking 
plate, and the barrel can be then turned.** {Tomlinson on the Construction of Locks.) 
In this work the details on construction are given with great clearness. 

The American bank locks, especially that of Messrs. Day and Ncwall, have ex- 
cited much attention. Their English patent describes it thus: — 

** The object of the present improvements is the constructing of locks in such 
manner that the interior arrangements, or the combination of the internal movable 
parts, may be changed at pleasure accoj^ing to the form given to, or change made in, 
the key, without the necessity of arranging the movable parts of the lock by band, 
or removmg the lock or any part thereof from the door. In locks constructed on 
this plan the key may he altered at pleasnre $ and ffie act of locking, or throwing out 
the bolt of the locl^ produces the particular axrangeaents of ^ internal parts, 
which correspond to that of the key for the time being. While the same is locked, 
this form is retained until the lock is unlocked or the holt withdrawn, upon which 
the internal movable parts return to their original position, with reference to each 
other } but these parts cannot be made to assume or be brought back to their original 
position, except by a key of the precise form and dimensions as the key by which they 
were made to assume such arrangement in the act of locking. The key is change- 
able at pleasure, and the lock receives a special form in the act of locking according 
to the key employed, and retains that form until in the act of unlocking by the same 
key it resumes its original or unlocked state. The lock is again changeable at plea- 
sure, simply by altering the arrangement of the movable bits of the key ; and the 
key may be changed to any one of the forms within the number of permutations of 
which the parts are susceptible,” — April 15, 1851, 

Mr. Hobbs who has been carrying out the manufacture of American locks in this 
country has introduced 'in inexpensive loc^ which he calls a protector lock. The 
following description is borrowed from jfl*. Charles Tomlinson*s Treatise on the 
Construction of Locks : — 

“ When the American locks became known in England, Mr. Hobbs undertook 
the superintendence of their manufacture, and their introduction into the commercial 
world. Such a lock as that just described must necessarily be a complex piece of 
mechanism ; it is intended for use in the doors of receptacles containing property of 
great value ; and the aim has been to baffle all the methods at, prese^f^ known of 
picking locks, by a combination of mechanism necessarily elaborate. Such a lock 
must of nec^ity be costly ; but in order to supply {he demand for a small lock ^t 
moderaj^ price, Mr. Hobbs has introduced what he calls a protector lock. C'his is a 
modification of the ordinary six-tumbler lock. It bears an affinity to the Idck of 
Messrs. Day and Newall, inasmuch as it is^an attem^ to introdnce the same prin- 
ciple of security agaWst poking, while avoiding the complexity of the changeable 
lock. The distinction which Mr. Hobbsjbas made between secure and insecure locks 
^Ul be understood from the followinjt proposition, viz. ‘that whenever the p^-rts of 
a lock which come in contact with the key are so affected by any pressure applied to 
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the Jolt, or to thaJb portion of the lock by which the holt is •withdrawn, as to indicate 
the points of resistance to the withdrawal of the bolt, such a lock^^n be picked.* 
1147 exhibits the internal mechanise^ of tSls new patent lock, contains ^e 
usual contrivances of tumblers and springs, with a key cut into steps to suit the 
ferent heights to which the tumblers must be raised. The key is shown separately 
in Jiff. \[4B. But there is a small additional piece of mechanism, in which the 
tumbler st^p shown at s in^^s. 1146 and 1147 is attached ; which piece is intended to 
work uneJir or behind the bolt of the lock. In Jig> 1 147, b is the bolt ; < < is the front 



or fbremost of the range of six tumblers, each of which has the usual slot and notches. 
In other tumbler-locks the stump or stud which moves along these slots is riveted to 
the bolt, in such manner that, if any pressure be applied in an attempt to withdraw 
the bolt, the stump becomes pressed against the edges of the tumblers, and bites or 
binds against them. How far their biting facilitates the picking of a lock -will be 
shown farther on ; but it will suffice here to say, that the movable action given to 
the stump in the Hobbs lock transfers the pressure to another quarter. The stump s 
is riveted to a peculiarly-shaped piece of metal hp {Jig. 1146), the hole in the centre 
of which dts upon a centre or pin in a recess formed at the back of the bolt ; the 
piece moves easily on its centre, but is prevented from so doing ^poutanebusly by a 
small binding spring. The mode in which this small movable piece takes part in the 
action of the lock is as follows: when the proper key is applied in the usual way, the 
tumblers are all raised to the proper heights for allowing the stump to pass Wi- 
zoutally through the gating ; but should there be an attempt made, either by a false 
key or by any other instrument, to withdraw the bolt before the tumblers are pro- 
perly raised, the stomp becomes an obstacle. Meeting with an obstruction to its 
passage, the stump turns the piece to which it is attached on its centre, and moves the 
arm of the piece p so that it shall come into contact with a stud riveted into the case 
of the lock ; and in this position there is a firm resistance against the withdrawal of 
the bolt The tumblers are at the same moment released trom the pressure of the 
stump. There is a dog or lever d, which catches into the top of the bolt, and 
thereby serves as an additional securitv against its being fisreed back. At k is the 
dnll-pin on which the pipe of the^kejrworks ; and r is a metal piece on which the 
tumblers rest when the key is not operating upon them. 

Another lock, patented by Mr. Hobbs in 1852, has for its object the absolute 
closing of the key-hole during the process of locking. The key does not work or 
turn on its own centre, bat occupies a small cell or chamber in a revolving cylinder, 
which is turned by a fixed himdle. The bit of the movable key is entirely separable 
from the skaft or stem, into •which it is screwed, and may be detached by turning 
round a small milled headed thumb-screw. The key is placed in the key-hole in 
Ae usual wayi» but it cannot tu^ ; its circular movement round the stqpi as an axis 
is prev^ted by the internal mechanism of the lock ; it is left in the key-bole, and 
the stem is detached from it by unscrewing. By turning the handle, the*\;ey-bit, 
which is left in the chamber 8f the cylinder, is brought into contact with the works 
of the lock, so as to shoot and withdraw the bolt. Tbif re^lution may take plj^e 
whether the bit of tbe movable key occoijy its little cell in the plate or not ; only 
with^is difference — that if the bit be not the lock, the plate revolves withollt 
acting upon any of the tumblers ; but if the bit be in its place, it raises the tumblers 
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in the proper way for shooting or withdrawing the bolt. It will be Qn‘lt'r!>to>d ^lat 
there is only one key-bole, namely, that through which the dirU.ble key it in- 
setted ; the other handle or fixed kVy wuaking through a hole iii the coi.-r of the 
1l»k ooly jost Imrge enough to receive it. and not being remorabie friini the lock. 
As sooB as the plate turns round so far as to enalile the kev^bit to act upon the 
tumblers, the key^hole becomes entirely clomnl by the plate itself, so th.it ilv* actual 
locking is effect^ at the very time when all access to the intenor throuch^he key* 
bole is cut off. When the bolt has been shut, the plate comes round to lU original 
position, it nncovers the key^hole. and exhibits the key-bit oecunving (he little cell 
into which it had been dropped ; the stem is then to be screwed itlo the hit, and the 
latter withdrawn. It is one consequence of this arrangement, that the key ha< to be 
screwed and unscrewed when os^ ; but through this arrangement the keyhole 
becomes a sealed book to one who has not the right key. Nothing can be moved, 
provided the bit and stem of the key be both left in; but by having in the l<<k the 
former without the latter, the plate can rotate, the tumblers can be lifted, and the 
bolt can be shot 

LOCOMOTIVE ENGINES. The chameter of this work excludes any 5f»ecial 
notice of w^^nbject so entirely belonging to a work on Mechanical Enginee ring, as 
that of locomotive engines. Nevsrtheless. since so much has lately been said and 
written on Ae question of employing coal on our rai)wa)s instead of coke, we 
are induced to introduce the following arrangement, which secures combustion 
* without smoke. It is known as I>u-^ 

mery’s plan. The anncxi'd drawing, 
Jij. 1 149 . is a section of a locomotive 
engine, used on the ('haions Hail* 
way. The coal is thrown into the 
side pipes A », which open below the 
platform on which the cngmc-man 
stands. These pipes conduct the coal 
hy their own gravity to the lower 
level of the bars, where they are 
thrust in the direction of the arri>ws 
CD, by a kind of comb, or rotating 
pin, which in its rotation around the 
axle s, Ibrces the coal to sK’end the 
ladina ferwwd by the bars. 

This dicB takes p la e e » the coal in 
its rude state (t. e. as it eones from 
the pit) coming from Ndow, finds 
Itself immediately in contact with the 
fire, which induces an e.scape of the 
gases, and with the pure air winch 
permits their combustion to take 
place in the only condition in which 
it is possible, i. e. in small jets, winch 
facilitate the complete oxvgenation 
of all the parts. 

The gases once priidaccd and burnt, 
the rest of the operation scarcely 
needs explanation. The coal is 
coyiverted into coke, and finishes 
its passage while burning under 
this form : and as the remainder of 
. the solids, cinders and slag (or 

clinkers), are not abandoned by the fire until after all that it contains of a combustible 
nature has disappeared, all the detritus (refuse) and dust, cinders, ashes, &c. are de- 
posited oa the surface (sommet) of the bars in the ciwitre of the fire, where they 
would offer an obstruction similar to that found in ordinary fire-plaiOes, if ifKi inventor 
had not taken care to make the bars oscillate from tljp centre by a small movement. 
Thus, when ^ drop of slag approaches the bars, it is displaced and thr^n out 
(by the ^tpening of the bars) in small particles. This accessory arrangement appa- 
rently possesses great advantages for a locomotive in saying the trouble of scraping 
and cleaning the bars. *' 

Sftif, as in an ordinarjrfire,‘’^>keor anthracite, &c., be burnt, the combustion would be 
very complete. Air fresh from the ash-pan, in passing over the combustible, would 
b^converted into carbonic acid, i. e. inH a gas which is unfit for further combu^ion. 
But if in the place of coke or anthracite, Sre, we use smoke-producing coal, i. r. com-^ 
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po*:ed of two elements, one solid, the other gaseous, this result follows. The comhus- 
lible ^ases dUengi^ug themselves (in ibis case above the combustible) in a state of 
ignition, the lur which will become vitiated in tr^ersing the first of the solid 
combustible, will be found unable to effect She combustion of the gases which escaj^ 
above the fire, and smoke will make its appearance i. e. the combustion will be i^ 
complete and imperfect This is what takes place with combustion of coal inordinary 
fire-placc\ 

There a|f also other canses which contribute to the imperfection of this result. These 
gases in disengaging themselves do not always acquire a temperature sufficiently high 
to produce flame, ai4 the volume of combustible gas is almost always too considerable 
to allow of its being sufficiently penetrated with oxygen. These are some of the ra- 
dical vices which M. Dumery has removed in thus placing the gases at once in the 
condition best suited for their combustion. This process is admirable, since, without 
any preparation, it allows of coal being burnt with as much facility as coke, and 
saves the great expense of converting coal into coke. 

LOCUST TREE. A North American tree, the Robinia pseudacacia, “It grows 
most abundantly in the southern States; -but it is pretty generally diffused through 
the whole country. It sometimes exceeds four feet in diameter and seventy feet 
in height. The locust is one of the very few tre^ planted by the Americans.’* — 
Stevenson s Civil Emgituering of North America. This wood is much used for ships* 
tree-nails, and is employed for stakes and pales. 

LODE (a mining termy A mineral lode, or a mineral v^n, is the name given to 
.a^ssnre in the crust of the earth which has been filled in 'Kth metalliferous matter. 
The miner gives the same name lode to a fissure filled with quartz, carbonate of lime, 
&c., but then he says the lode is not “mineralised,” confining the word mineral to 
metalliferous matter. 

The term rem has frequently led to the idea that it expresses the condition of 
something analogous to the blood vessels of the animal body, to which a lode has not 
in the remotest degree, any resemblance. During some primary convulsions, the 
crust of the earth has been cracked, these fissures having, of course, some special re- 
lation to the direction of the force which produced them. These cracks have during 
ages of submergence been filled in, according to some law of polarity with mineral 
matter, the character of the lode having generally some special relation to its direc* 
tion. See Mining, &c. 

LOGWOOD (^Bois de Campeche., Hois bleu., Fr. ; Blauhoh^ Germ.) is the wood of 
the Hamatoxylon Campechianum, a native tree of Central America, grown in Jamaica 
since 1715. It was first introduced into England in the reign of Elizabeth, but as it 
afforded to the unskilful dyers of her time a fugitive colour, it was not only prohibited 
from being used, under severe penalties, but was ordered to he burned wherever found, 
by a law passed in the 23rd year of her reign. The same prejudice existed, and the 
same law was enacted against indigo. At length, after a century of absurd prohibition, 
these two most valuable tinctorial matters, by which all our bats, and the greater part 
of our woollen cloths, are dyed, were allowed to be used. The logwood trees grow 
from 40 to 50 feet high, the stems are cut into logs of about 3 feet long, the hark and 
white sap (alburnum) of which are chipped off, the heart or red part only being sent 
to England. Chevreul gave the constituents of logwood as volatile oil, A<emahR, resm- 
ous matter, tannin, glutinous matter, acetic acid, sundry salts of lime, witlx alumina, silica, 
manganese, and iron. The decoction of logwood is of a deep dull red, which is rendered 
paler and of a brighter colour by acids- Alkalies give it a purplish or violet colour. 
Acetate of lead causes a blue, alum a violet precipitate ; the salts of iron make it a 
dark violet blue, gelatine forming a reddish precipitate with it. 

Old wood, with black bark and %ith^ittle of the white alburnum, is preferred. 
Logwood is denser than water, specific gravity, 1*057, very hard, of a fine compact 
grain, and almost indestructible by the atmospheric elements; it has a sweet and 
astringent taste, and a peculiar but inoffensive smell, and will take a fine poli^ 

When chipped logwood is for some time exposed to the air, it loses a portion of its 
dyeing power. Its decoction atorbs the oxygen of the atmosphere, and then acquires 
the property precipitating wmi gelatine, which it bad not before. The dry extract 
of logwood, made from an old decoction, affords onW a fugitive colour. 

its applications in dyeing, Bx^xck Dtb ; Cauco Printing ; Dt^tng ; Hat 

Dveino, 

The imports of logwood were in 

^ Ton*. 

1855 - . - 30,215 - 

1856 - - - 38,880^- 

1857 - - - 39,568 - 

LOOKING GLASS. See Mirrors. 


Value 

- ,;£195L>795 

- 264,330 

- 236,080 
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LUBRICATION. 


LOOM (Metier a tisser, Fr. ; Weherstuhly Germ.) is the ancient and well-known 
machine for weaving cloth by the decussation of a series of parallel threads, f^hich 
rim lengthwife, called the warp or ehain, with other threads thrown transversely with 
►ffie shuttle, called the woof or weft. See'^ACQUARD Loom and Weaving. 
^LUBRICANTS. Oleaginous or fatty bodies employed for the purpose of reducing 
the friction between two parts of a machine or carriage. ^ 

LUBRICATION. The lubrication of the wheel and axle of railway carriages is 
effected by a kind of soap, a coipbinatioD of cocoa-nut oil or palm-oil, or oi^inary fats, 
with soda being the “grease” with which the boxes are filled. The heat produced 
by the friction melts the grease, and it flows out upon the parts ^ motion through an 
opening in the bottom of the box. Heavy machinery, such as pumping engines, 
require tenacious bodies as their lubricants, while the finer parts must be carefully 
oiled with oils as free as possible from any of the fatty acids. Spinning machinery 
for example, must be lubricated with the finest oils, or, as is found to be still better, 
with those peculiar hydro-carbon compounds, as paraffine, glycerine, and the like. 
The following is a simple and efficacious plan of lubricating the joints and bearings 
of machinery by capillary attraction, the invention of Edward Woolsey, Esq. : — 

Fig. 11^ represents a tin eup, which has a small tin tube a, which passes through 


the bottom, as shown by 
the dotted liWes. It may 
have a tin cover to keep 
out the dust « 

Fig. 1151 is a plan of 
the same. 

Fig. 1152 is a section of 
the same. Oil is poured 
into the cup, the one end 
of a worsted or cotton 
thread is dipped into the 
oil, and the other end 
passed through the tube. 

^ The capillary attrac- 
tion causes the oil to 
ascend and pass over the 
orifice of the tube, whence 
it gradually descends, and 
drops slower or quicker 
according to the length 
of the thread or its thick- 
ness, until every particle 
of oil is drawn over by 
this capillary siphon. 
The tube is intended to 
be put into the bearings 
of shafts, &c., and is made 
of any size that may be 
wished If oil, or other 
liquids, is desired to be 
dropped upon a grind- 
stone or other surface. 


W* 1153 



this cup can have a haixlle to it, or be hung;. from the ceiling. 

Fig. 1 1 53. It is frequently required to stop the capillary action when the machinery' 
IS not going ; and this has been effected by means of a tightening screw, which passes 
through a screw boss in the cover of the cup, and presses against the internal orifice 
of the tube, preventing the oil from passing. 

I'ig. 1154. As when these screw cups are used upon beams of engines and moving 
>^arings, the^ screw is apt to be tightened by the potion ; and also, as the action 
of the screw is uncertain, tiom the workman neglecting to screw it dovre sufficiently» 
it answers best to take out the capillary thread wl^n the lubrication is not required; 
and to effe^ this easily, a tin top is fixed to the cup, with a round pipe soldered t5 it J 
this pjpe has a slit in it, like a pencil case, and allows a bolt B to slide ftsily- 
fig. 1155 the bolt is down ; in Jig. 1156 the bolt, which ^ a piece of brass wire, is drawn 
np, and thus the flowing of the oil is cheAed. In Jig, 1156 it will be observed, that 
the bolt is kept in itr^latf' by its head c, resting in a lateral slit in the pipe, and it 
^cannot be drawn out on account of the «in e. One end of the thread is fastened to 
the eye hole at the bottom of the bo>% and the other end is tied to a small wwc which 
crosses the lower orifice of the tube at i>, and which is shown in plan Jig. 1167. 
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The saving by this plan, instead of pouring oil into the bearings, is 2 gallons out 
of 3, jhile the bearings are better oiled. 

The saving in Isibour is considerable where there are many joints ^o keep oiled 
three or four times a day ; and the workma^j doespnot, with this appdir^us, run the 
risk of being caught by the machinery. To tie on the cotton or worsted thread, pa^5- 
a long thread through the eye^hole e of the bolt, and then draw the two ends through 
the tube ^ a fine wire with a hook to it, Q»e end on one side of the cross wire d, 
and the other end on the other side. Then put the cover on, and the bolt in the 
position sW?wn in 1156 ; when by drawing the two ends of the thread, and tying 
them across the wire d, you have the exact length required. When you wish to see 
the quantity of oil reCiaining in the lubricator, the holt must he dropped as in jig. 1155, 
and you can then lift the cover a little way off, without breaking the thread, and re- 
plenish with oil. The figures in the woodcuts are one third of the full size. 

LUCIFER MATCHES. The importance of this manufacture has been shown by 
Mr. Tomlinson in a communication made by that gentleman to the journal of the 
Society of Arts. 

“ It has been estimated,” he says, “ that the English and French manufacturers 
of phosphorus are now producing at the rate of 300,000 lbs. of common phosphorus 
per annum, nearly the whole of which is consumed in making lucifer marches. In 
compounding the emulsion for tipping the matches, German manufacturers make 
three pounds of phosphorus suffice for five or six miUions of matches. If *ve suppose 
only one half of the French and English annual product of phosphorus to be em - 
plf'yed in making matches, this will give us 250,000,000,000 ef matches as the annual 
prriduct consequent on the consumption of one half of the French and English phos- 
phorus. We need not suppose this to be an exaggerated statement, when we consider 
the daily product of some of our match manufactories. I lately had occasion to de- 
scribe the processes of a London factory, which produces 2,500,000 matches daily. 
For this purpose, 14 3-inch planks are cut up ; each plank produces 30 blocks ; each 
block, of the dimensions of 11 inches long, dj inches wide, and 3 inches thick, pro- 
duces 100 slices, each slice 31 splints, each splint 2 matches: thus we have — 
14 X 30 X 100 X 31 X 2 = 2.604,000 matches as the day's work of a single factory in 
London, At Messrs. Dixon's factory near Manchester, from 6,000,000 to 9,000,000 
of matches are produced daily.” — Tomlinson, 

For the rapid manufacture of the wooden splints for lucifer matches, a patent was 
obtained by Jlr. Reuben Partridge, in March, 1842. He employs a perforated 
metallic plate, having a steel face, strengthened by a bell metal back ; see figs. 1158, 
1159. The size of the perforations must depend on that of the desired splints, but they 



must he as close together as pcSsible, ihat^here may be a very small blank space be- 
tween them, otherwise the plate would afford too great resistancq^to the passage of the 
wood. By this construction, the whole a^a of the block oi yood may be coi^- 
pressefkiaterally into the countersunk openings,^iid forced through the holes, whichr» 
are sli^tly countersunk to favour the entrance and separation of the wooden fibres. 
VoL. II. ^ 3 S' 
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LUCIFER MATCHES/ 


tf the sraSawinst the , the piece or pieces of trood in the direction 

rt:fs:e;d tren^pp^ fo't^e Ck i 

being first split as h ad va forced through the perforations in the plate, 

Sd aL driven hrtXL^ of ‘he holes, and aftefrards com- 

the matchL in frame;, is in itseTf n^esrrXfXf '’™““ ° 

:nTh^xrki^pLtx:‘s^^ 

and boxinai The rtinnin™ process of dipping the matches in it, the counting 

the only dfpartoent'in which the work '* oocording to Mr. Geist, 

complaints • wXould l-en^-t in "“'^^POOP^O are in any way affected with peculiar 
dipping? at le^t arlLfwe h??? 1.! -fi^oose to those engage*in 

that dippers only were attacked the subject were unanimous as to the fact 

to the^l^o^on^Tof th? XnosTt- ®^orecy observed relative 

rally peVforXrby^he nronrTeforX?,;’'”'^ 'r^ gene- 

Chlorate of potas/is considered an ® confidential workman, 

factories at Numberg it has not hppn a tngredient in England ; but in the maau- 
properties much endangered the safetv of’thrh “““her of years, as its explosive 

The compositioa usTd in the limbsof the workmen, 

arable (which is eschewed bv English'’ of one-third of phosphorus, of gum 

propertV).of wateTandof eoloS^m^^^^^^ on account‘d of L hygromftric 

IS employed. If ignition be requirf d without I ^ Prussian blue 

dimmish^ or nitrate of lead is\dded Themixbgt; phosphorus is 

during this process, and as long as the ^ 

copious fumes are evolved. T& dipoin J*- or “ mullered,” 

melted composition is spread upon aLarf cover^*>K“ manner :— The 

-an_dips the two ends 'of the m'^cL^rX^t^ 



.VP tlljunu 

to the t.ioe of the workman. This deDartmenf iFFoF ”*n ''*7 concentrated form close 
and the average number that he can dip in an lionr^ ^ 'v “ vro/kman ; 

matches, would be 1,000,000 P n an hour, supposing each frame to hold 3,000 

do;lVn^\e™rtm1„^?;?’^^efm?f,:.?’?^ " ^onerally 

from SO^ 10 90’ Fahr. is necessary the X? 'f o" 1 and as a temperature of 

stage. kVhen the matches are drfp’rt tl.f r ' quantity of fumes is evolved at this 
and the lucifers are now readv to bpVn removed from the drying room, 

?reat rapidity, they f?™uentirmke done with 

™:; Sij. “ “ “"-i 'i» ~~ e“"£ ,™ss;r *i 

P .33., ih. Ll oomp,S;,iorfofludf,l*ZIXs"u ri.rwK->, toL iWa 

I’liosphorus - . .4 , T> j V 

Mitre - . . I Fed ochre, or red lead 5 parts 

^ Fmeglae - - . g j 8““^ - - - 2 „ 

slightly warif porcelain^mmtlrXiq^Jfy -^n^bth^'^h smooth jell*? put it into a 

matches, which burn with a briXfl ^o make w-i^in^paper 

side of the paper with tinctnre^f agreeable odour, moisten each 

their ends with a little of the ahnvo n i^k’ **’ ^ slips, and smear one of 

sr7.dend after it Onrubbingthe 

•intervention of sulphur. ° " ffurface the paper will take fire, without the 

To form lucifer woo'd matches, th^t apt without sulphur, melt in a flat-bottomed 
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tin pan as much white wax as will stand one-tentti of an inch deep ; take a bundle of 
wooden matches free from resin, rub their ends against a red hot iron plate till the wood 
be slightly charred ; dip them now in the melted wax for a moment, shake them well 
onhaking them out, and finally dip them separatelj^in the above viscid^ste. When 
dry, they w’ill kindle readily by friction, 

A “ Safety Lucfcr Matchf as it is called, has been manufactured in Sweden. 
patent wa-^obtained in that country by Mes^s. Br>ant and May, for this match. Its 
peculiarity consists in the division of the combustible ingredients of the lucifer between 
the match af>d the friction paper. In the ordinary lucifer, the phosphorus, sulphur, 
and chlorate of potash or nitre, are all together on the match, which ignites when 
rubbed against any r!!lugh substance. In the Swedish matches these materials are so 
divided that the phosphorus is placed on the sand-paper, whilst the sulphur and a 
mininum amount of chlorate or nitrate of potash is placed on the match. In virtue of 
this arrangement it is only when the phosphorised sand-paper and the sulphurised 
match come in contact with each other that the ignition occurs. Neither match nor 
sand-paper, singly, takes fire by moderate friction against a rough surface. 

The composition of lucifer matches varies greatly, as it regards the proportions of 
the materials emploj ed. In principle they are, however, as we have described them 
above ; everything depending on the i^ition of the phosphorus, and the perfection of a 
lucifer match is in tipping the match with a composit^n which will ignite quietly upon 
attrition against any Tough surface, but w^ich is not liable to ignition by^uch pres- 
sure as it may be subjected to under the efrdinary condition of keeping in closed boxes. 

^he preparation of lucifer matches has been attended witb^much human suffering. 
Every person engaged in a factory of this kind is more or less exposed to the fumes 
of phosphorus, and this exposure produces a disease which has been thus described by 
Mr. Harrison, in the Quarterly Journal of Medical Science . — This disease,'’ he says, 
“ is of so insidious a nature that it is at first supposed to be common toothache, and a 
most serious disease of the jaw is produced before the patient is fully aware of his con- 
dition. The disease gradually creeps on, until the sufferer becomes a miserable and 
loathsome object, spending the best period of his life in the wards of a public hospital. 
Many patients have died of the disease; many, unable to open their jaws, have lingered 
with carious and necrosed bones ; others Lave suffered dreadful mutilations from 
surgical operations, considering themselves happy to escape with the loss of the greater 
portion of the lower jaw.” 

By the introduction of an amorphous phosphorus discovered by M. Schrbtter, which 
is in nearly all respects unlike the ordinary phosphorus, but which answers exceed- 
ingly well for the manufacture of lucifer matches, tliis disease is prevented, the manu- 
factory is rendered more healthy, and the boxes of matches themselves less dangerous. 
See Phosphorus. In 1857 our imports and exports were— 


Imports — Lucifers— Wood, No. 

„ Vesta of Wax - 

Lucifers— Wood (Cubic Feet) 
„ Vesta of Wax, No. 


155,1. 53 
17,39.5,210 
10,628 
.5,604,480 


-£29,091 

- 14.50 

- £199.3 
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LUMACHELLE, or Fire Marble. This i.s a dark brown shelly marble, having 
brilliant fire or chatoyant reflections from within. — See Marble. 

LUNAR CAUSTIC. A name for nitrate of silver, when fused and run into 
cylindrical moulds. 

LUPININE, is a substance of a gummy appearance, so named by M. Cu«:sola, 
because it was obtained from Lupines — C. G. W. 

LUPULINE, from Hnmulus Lupulus; is the peculiar bitter aromatic principle of 
the hop. See Beer.. 

LUSTRING, sometimes spelled aid plmnuncerl Lutestring ; a peculiar shining silk. 

LUTE (from Infum., day ; Fr.; K'tte, fje^chlnqc. Germ.) is a pasty or loamy 
matter employed to close the joints of chemical apparatus, or to coat their surfaces, and 
protect them from the direct action of flame. Lutes differ according to the nature of 
the vapours which they are destined to confine, and the degree of heat which they are 
to be exposed to. ^ ’ 

1. Lute (f^nseedmteal, made into a soft plastic dough *^th water, and immediafciy 
anplied pretty thick to junctions of pla.«:s, or stone-ware, makes them perfectly tight, 
hS'dens ^edily, resists acid anl ammoniacal vapours, as also a nK)derate degree of 
heat. It oecomes stronger when the meal is kne.aded with milk, lime-w?ter, or solu- 
tion of glue, and is the best IqJjS for fluo-silicic acid. 

2. Lute of thick gum-water, kneaded ^th clay, and iron filings, serves well for per- 
manent junctions, as it become^ extremely solid. ^ ^ 

3. By softening in water a piece of thicl^ brown-paper, kneading it, first with ffe- 
flour ^ste, and then with some peer’s clay, ti^ it acquire the proper consistence,^ 
lute is formed which does not readily cracl^r scale off. 


740 


LYNX. 


- 1 


4. Late, consisting of a strong solution of glae kneaded into a dongh with new 
slaked lime, is a powerful cement, and with the addition of white of egg forms the 
/ut d’ane; — a composition adapted to mend broken vessels of porcelain and &ton?*.ware. 

5. Skim-wHk cheese, boiled foiwpome time in water, and then triturated into paste 
^“^ith fresh-slaked lime, forms also a goou late. * 

_ 6. Calcined gypsum, diffused through milk, solution of glue, or starch, is a valuable 

lute in many cases. ^ <r 

7. A lute made with linseed, melted caoutchouc, and pipe-clay, incorporated into a 
smooth dough, may be kept long soft when covered in a cellar, and serv<ft admirably 
to confine acid vapours. As it does not harden, it may therefore be applied and taken 
off as often as we please. 

8. Caoutchouc itself, after being melted in a spoon, may be advantageously used for 
securing joints against chlorine and acid vapours, in emergencies when nothing else 
would be effectud, or we may use 1 part of caoutchouc dissolved in two parts of hot 
linseed-oil, and worked up with pipe-clay (3 parts) into a plastic mass. It bears the 
heat at which sulphuric acid boils. 

9. The best lute for joining crucibles inverted into each other, is a dough made with 
a mixture of fresh fire-clay, and ground fire-bricks, worked with water. That cement, 
if made with solution of borax, answers still better, upon some occasions, as it becomes 
a compacT vitreous mass in the $fe. 

LUTEC^LINE, is the colourifig principle of the weld (^Reseda luteola\ a slender 
plant growing to the height of about three feet, and cultivated for the use of dyers. 
When ripe it is cut and.4ried. 

Chevreul was the first to separate the lutedline ; it is extracted from the weld by 
boiling water, and when this solution is concentrated and allowed to cool, the 
luteoline separates ; it is then collected, dried, and submitted to sublimation, when 
it is condensed in yellow needles. 

It is valued for its durability, and is used as a yellow dye, on cottons principally, 
and also on silks, but is little used at present. It was formerly used by paper-hanging 
manufacturers, to form a yellow pigment, but has been entirely superseded for that 
purpose, by quercitron bark and Persian berries. It unites with acids and alkalies, the 
former making the colour paler, and the latter heightening the colour. The compound 
which it forms with potash is of a golden colour, becoming greenish when exposed to 
the air, by absorption of oxygen, and at length becomes red. 

It forms yellow eoftijpouiids with alum, protoehloride of tin, and acetate of lead ; 
with the salts oi iron it produces a blackish grey precipitate, and with sulphate of 
copper a greenish brown precipitate. 

It is readily soluble in alcohol and ether, but fpar»|^Y so ia water.— H. K. B. 
LUTIDINE, C“H*N- A volatile nitryle base, ois^vered by Anderson in 
bone oil. It has also been found in shale naphtha, coal naphth^ and in crude 
cbinoline. — C. G. W. 

LYCOPODIUM CLAVATUIL The seeds of the lycopodium ripen in Sep- 
tember. They are employed, on account of their great combustibility, in theatre'*, to 
imitate the sudden flash of lightning, by throwing a quantity of them from a poM’der 
puff, or bellows, across the flame of a caudle. 

LYDIAN STONE, Touchstone, or Basanile. A flinty variety of jasper, used on 
account of its hardness, fine texture, and velvet black colour, for trying the purity of 
the precious metals. The amount of alloy is indicated by the colour left on the stone 
after the metal has been rubbed across it. 

LI NX. — An animal producing a favourite fur of a greyish white, with dark spots. 
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